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Introduction 


This  Handbook  has  been  prepared  for  the  purpose  of  making  readily  available  in  a  single,  comprehensive 
compilation  useful  data  on  respiration  and  associated  phenomena.  To  this  end,  information  has  been  organized  for 
ready  reference  in  the  form  of  tables,  graphs,  nomograms,  schematic  diagrcims,  and  line  charts.  Contents  of  the 
volume  have  been  made  available  and  authenticated  by  some  400  leading  investigators  in  the  fields  of  biology  and 
medicine.  The  extended  review  process  to  which  all  tables  have  been  subjected  was  designed  to  eliminate,  insofar 
as  possible,  both  errors  and  such  strongly  controversial  or  questionable  material  as  tends  naturally  to  inhere  in  a 
work  of  this  scope  and  complexity. 

Frequently,  a  group  of  tables  is  preceded  by  an  explanatory  headnote  designed  to  serve  as  an  introduction 
to  the  subject  matter,  or  to  account  for  inconsistencies  and  inclusion  of  controversial  material.  Usually,  individual 
tables  are  supplied  with  a  short  headnote  containing  such  essential  information  as  definitions;  units,  methods,  and 
conditions  of  measurement;  conversion  factors;  abbreviations;  and  estimate  of  the  range  of  variation.  Following 
each  presentation  there  appears  a  list  of  contributors  of  the  material,  together  with  bibliographic  references.  In  the 
latter,  abbreviations  conform  wherever  possible  to  the  LIST  OF  ABBREVIATIONS  FOR  SERIAL  PUBLICATIONS, 
Fourth  Series,  Army  Medical  Library,  Washington,  D.  C.  (U.  S.  Government  Printing  Office,  1948),  and  the  1955 
SUPPLEMENT  thereto. 

Technical  and  mechanical  problems  in  the  preparation  of  copy  made  impossible  the  use  of  standard  symbols 
and  abbreviations  in  respiratory  physiology  as  recommended  in  FEDERATION  PROCEEDINGS  9:602,  1950;  the  same 
limitations  precluded  the  use  of  italics.  The  symbols  d  and  J  indicate,  in  terms  of  optical  rotation,  respectively 
dextro-  and  levorotatory;  d  and  i.  are  used  for  dextro  and  levo  in  the  configurational  sense  for  amino  acids  and 
carbohydrates  or  for  the  stereoisomeric  forms  of  an  orgamic  substance. 

The  number  of  subjects  and  observations  has  been  given  whenever  such  information  was  available,  provided 
only  that  space  permitted.  There  may  on  occasion  appear  between  two  tables  differences  in  values  for  the  same 
specifications,  and  there  may  be  found  certain  inconsistencies  in  nomenclature  and  occasional  overlapping  of  cover- 
age. These  represent  not  oversights,  nor  failure  to  choose  between  alternatives;  on  the  contrary,  they  result  from 
the  deliberate  intention  of  the  research  staff  to  respect  the  judgment  and  preferences  of  individual  contributors.  On 
the  other  hand,  with  only  the  rarest  of  exception,   each  presentation  is  itself  internally  consistent. 


Values  are  generally  presented  as  a  mean  and  the  upper  and  lower  limit  of  the  95%  range. 
tions  (a,   b,   c,   d)  identify  types  of  ranges: 


Letter  designa- 


(a)  By  the  method  of  greatest  accuracy,  the  95%  range  is 
obtained  by  fitting  a  recognized  type  of  frequency  curve  to  a 
group  of  measured  values  and  excluding  the  extreme  2.5%  of 
area  under  the  curve  at  each  end  (see  sketch).  Estimate  is 
made  by  this  procedure  only  when  the  group  of  values  is  rela- 
tively large. 

(b)  By  a  less  accurate  method,  the  95%  range  is  estimated  by 
a  simple  statistical  calculation,  assuming  a  normal  distribu- 
tion and  using  the  standard  deviation.  This  estimate  is  used 
when  the  group  of  values  is  too  small  for  curve  fitting,  as  is 
usually  the  case. 

(c)  A  third  and  still  less  accurate  procedure  for  estimate  of 
the  95%  range  is  simply  to  take  as  range  limits  the  highest 
value  and  lowest  value  of  the  reported  sample  group  of  meas- 
urements. It  underestimates  the  95%  range  for  small  samples 
(3  or  4  values)  and  overestimates  for  larger  sample  sizes,  but 
may  be  used  in  preference  to  the  preceding  method  when  the 
sample  shows  convincing  evidence  that  the  variable  is  asym- 
metrical in  distribution. 


(d)  The  upper  and  lower  limits  of  the  range  of  variation,  as  commonly  encountered  by  an  investigator  experienced 
in  measuring  the  quantity  in  question,  constitute  still  another  estimate  of  the  95%  range.  The  trustworthiness  of 
limits  so  placed  should  not  be  underestimated. 


Although  the  data  in  each  table  are  the  best  available  at  the  time  the  table  was  prepared,  it  is  recognized 
that  all  data  are  subject  to  revision  as  investigators  improve  techniques  and  make  more  measurements.  The  reader 
is  invited  to  submit  any  values  or  ranges  that  he  feels  should  be  given  consideration,  and  is  particularly  invited  to 
add  to  the  coverage  of  animal  forms. 


HANDBOOK      of      RESPIRATION 


1.    ABSOLUTE  LUNG  VOLUMES,    DEFINITIONS  AND  CONVERSIONS:    ATPS.    BTPS,    AND  STPD  CONDITIONS 

Gas  volume  in  the  lung  exists  at  ^ody  Temperature  and  atmospheric  Pressure  and  is  completely  Saturated 
with  water  vapor  at  body  temperature- -hence  the  designation  BTPS. 

However,   once  the  gas  has  been  blown  into  a  measuring  device  such  as  a  spirometer,   the  temperature  will 
have  dropped  to  the  spirometer  or  Ambient  Temperature;   although  the  gas  volume  is  still  Saturated  with  water  vapoi 
at  the  lower  ambient  temperature  the  water  vapor  volume  is  reduced.    The  Pressure  of  the  atmosphere  is  the  same. 
This  condition  is  designated  ATPS. 

Under  average  laboratory  conditions  (ATPS),   the  "true"  lung  volume  (BTPS)  will  shrink,   in  response  to  the 
ambient  temperature  and  barometric  pressure,   to  perhaps  93%,   as  shown  in  the  figure  below.    If  this  lung  volume  is 
then  converted  to  conditions  of  Standard  T[emperature  and  Pressure  with  all  water  vapor  removed  (or  Dry),   this 
STPD  value  will  be  approximately  83%  of  the  BTPS  lung  volume- -sometimes  even  less  in  accordance  with  the  baro- 
metric pressure  (also  as  shown  in  the  figure  below). 

It  must  also  be  borne  in  mind  that  lung  volume  measurements  are  often  made  on  closed  breathing  circuits 
which  contain  a  CO^  absorber.    Any  volume  expired  into  such  a  system  will,   of  course,   be  automatically  reduced  by 
the  percentage  of  CO^  in  the  expired  air;   for  a  Vital  Capacity  obtained  after  full  inspiration  and  before  maximal 
expiration,   this  reduction  may  well  be  of  the  order  of  2-3%.    This  discrepancy  must  be  considered  in  making  refer- 
ence to  "absolute  volumes." 

All  lung  volumes  are  normally  recorded  at  ATPS  conditions.  Conversion  to  BTPS  conditions  which  repre- 
sent true  or  anatomical  lung  volume  requires  knowledge  of  room  or  spirometer  temperature  and  approximate  baro- 
metric pressure.  3,0        p„-pH20 

True  lung  volume  (BTPS)  =  lung  volume  at  ATPS  x  x      "         .p"    ,   where  t  =  spirometer  temperature  in 

degrees  C;  Pg  =  barometric  pressure  in  mm  Hg;  and  pH^O  =  vapor  pressure  of  water  at  spirometer  temperature  t. 
310  is  absolute  body  temperature  of  370C,   and  47  mm  Hg  is  the  vapor  pressure  of  water  at  370C. 
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Contributor:    Rahn,   H. 


2.     FACTORS  FOR  CONVERSION  OF  GAS  VOLUMES 
FROM  ATPS  TO  BTPS  CONDITIONS 
ATPS  =  At  Ambient  Temperature  and  atmospheric  Pressure, 
completely  Saturated  with  water  vapor.    BTPS  =  At  ^ody 
Temperature  (370C)  and  atmospheric  Pressure,   completely 
Saturated  with  water  vapor.    Atmospheric  pressure  is 
assumed  to  be  standard  (760  mm  Hg).    It  is  unnecessary  to 
correct  for  small  deviations  from  standard  barometric 
pressure.     For  additional  information  on  these  concepts  see 
Page  1. 


3.    TEMPERATURE  AT  VARIOUS  ALTITUDES 
U.  S.  standard  atmosphere. 


Factor  to  Convert 

When  Gas 

With  Water  Vapor 

Volume  to  37°C 

Temperature 

Pressure 

Saturated 

(°C)  is 

(mm  Hg)  of 

(A) 

(B) 

(C) 

1 

1.102 

20 

17.5 

2 

1.096 

21 

18.7 

3 

1.091 

22 

19.8 

4 

1.085 

23 

21.1 

5 

1.080 

24 

22.4 

b 

1.075 

25 

23.8 

7 

1.068 

26 

25.2 

8 

1.063 

27 

26.7 

9 

1.057 

28 

28.3 

10 

1.051 

29 

30.0 

U 

1.045 

30 

31.8 

12 

1.039 

31 

33.7 

13 

1.032 

32 

35.7 

14 

1.02b 

33 

37.7 

15 

1.020 

34 

39.9 

16 

1.014 

35 

42.2 

17 

1.007 

36 

44.6 

18 

1.000 

37 

47.0 

Altitude 

Temperature 

ft 

km 

°C 

OF 

OK 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

0 

0 

15.0 

59 

288.0 

2 

5,000 

1.524 

5.1 

41.2 

278.1 

3 

10,000 

3.049 

-4.8 

23.3 

268.2 

4 

15,000 

4.573 

-14.7 

5.5 

258.3 

5 

20,000 

6.098 

-24.6 

-12.3 

248.4 

6 

25.000 

7.622 

-34.5 

-30.2 

238.5 

7 

30,000 

9.147 

-44.4 

-48.0 

228.6 

8 

35,000 

10.671 

-54.3 

-65.8 

218.7 

9 

40,000 

12.196 

-55.0 

-67.0 

218.0 

10 

50,000 

15.245 

-55.0 

-67.0 

218.0 

11 

60,000 

18.294 

-55.0 

-67.0 

218.0 

12 

70,000 

21.483 

-55.0 

-67.0 

218.0 

13 

80,000 

24.392 

-55.0 

-67.0 

218.0 

14 

90,000 

27.441 

-55.0 

-67.0 

218.0 

15 

100,000 

30.490 

-55.0 

-67.0 

218.0 

16 

200,000 

60.980 

33.8 

93.0 

306.8 

17 

300,000 

91.470 

-2.2 

28.0 

270.0 

Reference:    Comroe,   J.  H.,   Jr.,   "Methods  in  Medical 
Research,"  vol  2,   pp  74-244,    Chicago:    The  Year  Book 
Publishers,    Inc.,    1950. 


Contributor:    Haber,   F. 

References:    [  l]    Willis,    R.  G.,   National  Advisory 
Committee  For  Aeronautics,    Tech.  Rept.  No.  147, 
1922.    [2]    Diehl,    W.  S.,   National  Advisory  Commit- 
tee  For   Aeronautics,   Tech.   Rept.  No.  218,    19^5. 
[3]    Bromdracher,    W.  G.,   National  Advisory  Com- 
mittee For  Aeronautics,    Tech.  Rept.  No.  538,    1935. 
[4]    Warfield,    C.  N.,    National  Advisory  Committee 
For  Aeronautics,    Tech.  Rept.  No.  1235,    Tech.  Note 
1200,    1947. 


4.    ALTITUDE  VS  ATMOSPHERIC  PRESSURE, 


O2  PARTIAL  PRESSURE,    AND  AIR  DENSITY 


Altitude 

Pressure 

pOz 

Density 
g/cu  cm 

Weight 
Ib/cu  ft 

Density4 

ft 

km 

atm' 

mm  Hg 

in.  Hg 

psi^ 

millibar 

Ratio^ 

mm  Hg 

Ratio 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

1 

0 

0 

1.000 

760.0 

29.92 

14.70 

1013.2 

1.00 

159.2 

1.25x10--* 

0.07651 

1.00 

2 

5,000 

1.524 

0.832 

632.3 

24.89 

12.23 

842.9 

8.32x10-1 

132.5 

1.08x10-^ 

8.62X  10-1 

3 

10.000 

3.049 

0.688 

522.9 

20.59 

10.11 

697.1 

6.88x10-1 

109.5 

9.22x10-4 

0.05649 

7.38X  10-1 

4 

15,000 

4.573 

0.564 

428.6 

16.87 

8.288 

571.4 

5.64x10-1 

89.8 

7.86x10-4 

6.29x  10-1 

5 

20,000 

6.098 

0.459 

348.8 

13.73 

6.745 

465.0 

4.59x10-1 

73.1 

6.66X  10-4 

0.04075 

5.33X  10-1 

6 

25,000 

7.622 

0.371 

282.0 

11.10 

5. 452 

375.9 

3.71  xlO-1 

59.1 

5.60x10-4 

4.48x  10-1 

7 

30,000 

9.147 

0.297 

225.7 

8.885 

4.364 

300.9 

2.97x10-1 

47.3 

4.67x10-4 

0.02861 

3.74x10-1 

8 

35,000 

10.671 

0.235 

178.6 

7.031 

3.453 

238.1 

2.35x10-1 

37.4 

3.87x10-4 

3.10X  10-1 

9 

40,000 

12.196 

0.185 

140.6 

5.535 

2.719 

187.4 

1.85x10-1 

29.4 

3.06x  10-4 

0.01872 

2.45X  10-1 

10 

50,000 

15.245 

0.115 

87.4 

3.44 

1.69 

116.5 

1.15x10-1 

18.3 

1.90x10-4 

0.01161 

1.52x10-1 

11 

60,000 

18.294 

0.071 

54.1 

2.13 

1.05 

72.1 

7.12x10-^ 

11.3 

1.18x10-4 

0.00720 

9.41  xlO-2 

12 

70,000 

21.483 

0.044 

33.6 

1.32 

0.65 

44.8 

4.42x10"^ 

7.0 

7.30x10-5 

0.00447 

5.84x10-2 

13 

80,000 

24.392 

0.027 

20.8 

0.82 

0.40 

27.8 

2.74x10-2 

4.3 

4.52x10-5 

0.00277 

3.62X  10-2 

14 

90,000 

27.441 

0.017 

12.9 

0.51 

0.25 

17.2 

1.70x10-2 

2.7 

2.80x10-5 

0.00172 

2.24x10-2 

15 

100.000 

30.490 

0.011 

8.0 

0.32 

0.16 

10.6 

1.05x10-2 

1.7 

1.74x10-5 

0.00107 

1.39x10-2 

16 

200,000 

60.980 

3.15x10"'* 

0.24 

0.009 

0.005 

0.32 

3.14x10-4 

0.05 

3.28x10"'' 

2.63x10-4 

17 

300,000 

91.470 

7.23x10-6 

0.0055 

0.0002 

0.0001 

0.0073 

7.23x10"'' 

0.00011 

8.57x10-9 

6.86xl0-'> 

/I/  Atmospheres.    Ill  Absolute  pressure,   Ib/sq  in.     /3/  Pressure  at  given  altitude  vs  pressure  at  sea  level. 
/4/  Density  at  given  altitude  vs  density  at  sea  level. 

Contributors:    (a)  Haber,    F.,   (b)  ZoBell,   C.  E. 


References:    (  1]    Willis,  R.  G.,  National  Advisory  Committee  for  Aeronautics,  Tech.  Rept.  No.  147,    1922.    (  2]    Diehl, 
W.  S.,   National  Advisory  Committee  for  Aeronautics,   Tech.  Rept.  No.  218,    1925.    [3]    Bromdracher,    W.  G.,    National 
Advisory  Committee  for  Aeronautics,   Tech.  Rept.  No.  538,    1935.    [4]    Warfield,   C.  N.,   National  Advisory  Com- 
mittee for  Aeronautics.   Tech.  Rept.  No.   1235.   Tech.  Note  1200,    1947. 


5.    CHARACTERISTICS  OF  RESPIRATORY  MEDIA 

The  solvents,   water  or  nitrogen,   through  which  exchange  of  O2  and  CO2  occur,   are  the  primary  substances 
mechanically  inspired  by  animals  that  actively  ventilate  the  respiratory  organ.    Values  in  parentheses  are  relative 
coefficients  with  O^  as  unity. 


Media 

Variable 

Aquatic  (H2O) 

Atraos 

pheric  (N2) 

Ocean 

Fresh 

Sea  Level 

6000  m 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Temperature,   °C 

-2.0  to  30.0 

2.0-32.0 

0.7-15.7 

-28.1  to  -15.1 

2 

Pressure,   total,    mm  Hg 

760-760,000 

760-20,000 

760 

347.5-360.2 

3 

Density,   g/L 

10271,    200c 

loooi,  40c 

1.223-1.290 

0.649-0.659 

Concentration 

4 

H2O,   vol  % 

100.00 

100.00 

1.002 

1.002 

5 

Nz.   vol  % 

I.03I,    150c 

I.33I.    150c 

78.03  (STP) 

78.03  (STP) 

6 

CO2,    vol  % 

O.O2I,    150c 

O.O3I,    150c 

0.03  (STP) 

0.03  (STP) 

7 

Oi,   vol  % 

0.58',    150c 

O.72I,    150C 

20.99  (STP) 

20.99  (STP) 

8 

Salts,    0/00 

34.481 

0.181 

9 

pH 

7.5-8.4 

3.2-10.6 

10 

Inert  gases,   vol  % 

Traces 

Traces 

0.95  (STP) 

0,95  (STP) 

Partial  Pressure  (Tension) 

11 

H2O,    mm  Hg 

12.79,    150c                     6.10,    40c 

6.403,    150c 

0.72^,    -150c 

12 

N2,    mm  Hg 

593.02  (STP)                     593.02  (STP) 

593.02  (STP) 

281.064  (STP) 

13 

CO2,    mm  Hg 

0.23'  (STP) 

O.23I  (STP) 

0.23  (STP) 

0.1l4  (STP) 

14 

Oi,    mm  Hg 

159.521  (STP) 

159.521   (STP) 

159.52  (STP) 

75.614  (STP) 

15 

Inert  gases,   mm  Hg 

7.46  (STP) 

7.46  (STP) 

7.46  (STP) 

3.424  (STP) 

16 

Total  pressure,    mm  Hg 

760.00  (STP) 

760.00  (STP) 

760.00  (STP) 

360.20  (STP) 

Diffusion  Coefficient  (ml/min/sq  cm  x  cm  at  760  mm  Hg,    20°C) 

17 

N2 

0.000018^  (0.53) 

18 

CO2 

0.000785^  (23.1) 

19 

O2 

0.000034  (1) 

u.o 

/I/  Averages  of  many  determinations;  vary  widely  with  conditions  of  measurement.     /2/  Varies,   but  never  absent 
and  always  of  biological  significance.     /3/  Calculated  for  50%  relative  humidity.     /4/  Calculated.     /5/  Calculated 
from  measured  value  for  O2  (20OC)  and  relative  coefficients  (18°-  19°C). 

Contributor:    McCutcheon,    F.  H. 

References;    [1]    Heilbrunn,    L.  V.,   "General  Physiology,"  Philadelphia:    W.  B.  Saunders  Co.,    1952.    [2]    Hodgman, 
C.  D.,    "Handbook  of  Chemistry  and  Physics,"  Cleveland:    Chemical  Rubber  Publishing  Co.,    1948.    [3]    Krogh,   A., 
J.Physiol.,    Lond.22:391,    1919.    [4]    Pearse,   A.  S.,    "Animal  Ecology,  "  New  York:    McGraw-Hill,    1939. 
[5]    Sverdrup,    H.  U.,   Johnson,    M.  W.,   and  Fleming,    R.  H.,    "The  Oceans,"  New  York:     Prentiss- Hall,    1946. 


6.    CHARACTERISTICS  OF  RESPIRATORY  MOLECULES 

Values,    unless  otherwise  indicated,    are  for  standard  conditions  (STP)  of  temperature  (0°C)  and  pressure  (760  mm 
Hg). 


Type 

Weight 
(O  =  16) 

Diameterl 
cm  X  10-8 

Density 
g/L 

Mean  Free  Path 

era  X  10-^ 

(750  mm  Hg) 

Collision 

Frequency 

(20OC) 

Average 

Velocity 

cm  X  100/sec 

Water  Solubility 
vol  % 

STP 

200c 

40OC 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 
2 
3 
4 

N2 
H2O 
CO2 
O2 

28.02 
18.02 
44.01 
32.00 

3.15-3.53 
3.0-5.0 
3.34-3.40 
2.92-2.98 

1.251 

0.005-0.0302 
1.977 
1.429 

8.50 

5.56 
9.05 

5070 

6120 
4430 

454 

566 
362 
425 

2.35 

171.3 
4.89 

1.54 

87.8 
3.10 

1.18 

53.0 
2.31 

/I/  Range  indicates  variations  with  method  of  measurement  (e.g.,   viscosity,   heat  conductivity).     Ill  Water  vapor  in 
saturated  air,   i.e.,   in  equilibrium  with  water,   at  0°C  and  30°C. 

Contributor:    McCutcheon,    F.  H. 

References:    [  l)    Dorsey,   N.  E.,    "Properties  of  Ordinary  Water  Substances  in  All  Its  Phases,"  New  York:    Reinhold, 
1940.    [2]    Hodgman,   C.  D.,    "Handbook  of  Chemistry  and  Physics,  "  Cleveland:    Chemical  Rubber  Publishing  Co., 
1948. 


7.    COMPOSITION  AND  PARTIAL  PRESSURE  OF  RESPIRATORY  GASES:     MAN 
Values  in  parentheses  conform  to  estimate  "d"  of  the  95%  range  (cf  Introduction). 


Gas 

Water 

Nitrogen 

Oxygen 

Carbon  Dioxide 

Reference 

vol% 

mm  Hg 

vol  % 

mm  Hg 

vol% 

mm  Hg 

vol  % 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

Ventilated  Gas 


1 

Inspired 

oi 

±5.72 

79.02' 

596^ 

20.95' 

158^ 

0.03' 

0.30^ 

B.D,  F,  H, 

i;C,E,G. 

1.2 

2 

Alveolar 

oi 

47" 

8O.40I 

573" 

14.00' 

lOO^ 

5. 60' 

40< 

2 

3 

Expired 

oi 

474 

79.20' 

5654 

16. 30' 

116" 

4.50' 

324 

2 

Tran 

sported  Gas 

4 

In  arterial  blood 

83(81-86) 

47 

0.975 

573 

19.6(17.3-22.3) 

94 

48.2(44.6-50.4) 

40 

B.3;C,F- 
H,2;D,  E, 

1,4 

5 

In  capillary  blood 

83(81-86) 

47 

0.975 

573 

±1  to  22.35 

±1  to  945 

±44.6  to  57.75 

±40  to  50 

B,  3;C.2: 
D,  E,4;F- 
I,a 

b 

In  tissue  fluid 

83(81-86) 

47 

0.975 

573 

±0.185^ 

±305 

±3.0465 

±505 

B,  3;C,2; 
D,  E.4;F- 
1,5 

7 

In  venous  blood 

83(81-86) 

47 

0.975 

573 

12.9(11.0-16.1)'' 

40 

54. 8(51. 0-57. 7)<' 

46 

B,3;D,  E, 
4;C,  F-I,2 

HI  Dry  air.     Partial  pressure  in  mm  Hg  =  vol  %/  100  x  760  mm  Hg  (Dalton's  law),     /2/  Ambient  air;  slight  varia- 
tions exist.    Vol  %  =  100  X  (partial  pressure  in  mm  Hg)/760  mm  Hg  (Dalton's  law).     /3/  "Alveolar"  air,   actually 
last  part  of  expired  samples.     /4/  Physiological  air,   normal  temperature  (37°C),   and  standard  pressure  (760  mm 
Hg).    /5/  Variable,   depending  on  blood  flow,   tissue  activity  and  relation  of  sample  to  capillary  length  or  field. 
/6/  Internal  jugular. 
Contributor:    (a)  McCutcheon,    F.  H. 

References:    [  1]    Krogh,   A.,   "The  Comparative  Physiology  of  Respiratory  Mechanisms,  "  Philadelphia:    Univ.  of 
Pennsylvania  Press,    1941.    [2]    Nims,    L.  F.,   in  Fulton's  "Textbook  of  Physiology,  "  Philadelphia:    W.  B.  Saunders 
Co.,    1949.    [3]    Albritton.   E.  C    "Standard  Values  in  Blood,  "  Philadelphia:    W.  B.  Saunders  Co.,    1952  (average 
from  Table  67).    [4]    Albritton,   E.  C,   "Standard  Values  in  Blood,  "  Philadelphia:    W.  B.  Saunders  Co.,    1952 
(average  from  Table  94).    [5]    Albritton,    E.  C,   "Standard  Values  in  Blood,  "  Philadelphia:    W.  B.  Saunders  Co., 
1952  (average  from  data  for  plasma,   Table  94). 

8.    PRESSURE- DEPTH  GRADIENT  IN  THE  SEA 

Hydrostatic  pressure  increases  with  depth  at  approximately  0.1  atmosphere  per  meter,   the  exact  value  being  affected 
by  salinity,   temperature  and  latitude  of  the  water.    Salinity  is  expressed  in  parts  per  thousand  (°/oo). 


Salinity,  °/oo 

Temperature,  °C 

Pressure 

atm/m' 

ueptn,  m 

Latitude  30° 

Latitude  60° 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

0 

32 

0 

0.099141 

0.099403 

2 

0 

32 

20 

0.098831 

0.099092 

3 

0 

35 

0 

0.099375 

0.099638 

4 

0 

35 

20 

0.099052 

0.099314 

5 

5000 

35 

0 

0.101757 

0.102026 

6 

5000 

35 

5 

0.101660 

0.101929 

J_ 

10,000 

35 

0 

0.103952 

0.104225 

/I/  1  atmosphere  •  1.01325  bars.    1.03327  kg/sq  cm,    14.696  Ib/sq  in.    760  mm  Hg. 
Contributor:    ZoBell,   C.  E. 

9.    PRESSURE  EQUIVALENTS 


Atmospheres 

mm  Hg 

Absolute 
Ib/sq  in 

Gauge 
ib/sq  in 

Diving  Depth 

ft 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

1 

760 

14.7 

0 

0 

2 

2 

1520 

29.4 

14.7 

33 

3 

3 

2280 

44.1 

29.4 

66 

4 

4 

3040 

58.8 

44.1 

99 

5 

5 

3800 

73.5 

58.8 

132 

6 

6 

4560 

88.2 

73.5 

165 

7 

7 

5320 

102.9 

88.2 

198 

8 

8 

6080 

117.6 

102.9 

231 

9 

9 

6840 

132.3 

117.6 

264 

10 

10 

7600 

147.0 

132.3 

297 

Contributor:  Behnke,  A.  R. 


10.    PARTITION  COEFFICIENTS  OF  VARIOUS  GASES  AT  37-38°C 

Adapted  from  Kety,    S.  S.,    Pharm.  Rev.,    Bait.   3:5.    1951. 

Partition  coefficient  =  the  ratio  at  equilibrium  in  which  a  given  substance  (gas)  distributes  itself  between  two  or 
more  different  solvents. 


Gas 

Water 
Gas 

Blood 
Gas 

Tissue 
Blood 

Oil 
Water 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(f) 

1 

Acetone 

333.0 

CI 

2 

Acetylene 

0.850 

0.795 

B,2;C,3 

3 

Argon 

0.0295 

5.3 

B-E,4 

4 

Chloroform 

4.6 

7.3 

1.1  (brain) 
0.9  (liver) 

110.0 

B-C,5;D,6,7;E,8 

5 

Cyclopropane 

0.204 

0.457 

35.0 

B-E.9 

6 

Divinyl  ether 

1.32 

41.3 

B-E,10 

7 

Ethylene 

0.089 

0.140 

1.2  (brain) 
1.0  (heart) 

14.4 

B-C,2;D,11;E.9 

8 

Ethyl  ether 

15.5 

14.9 

1.14  (brain) 

3.2 

B-C,  12;D,  13;E.9 

9 

Helium 

0.0097 

0.0098 

1.7 

B,E,4;C,  14 

10 

Hydrogen 

0.018 

3.1 

B-E,4 

11 

Krypton 

0.051 

9.6 

B-E,a,b 

12 

Neon 

0.011 

B,4 

13 

Nitrogen 

0.0144 

0.0147 

1.1  (brain) 

1.1  (liver) 

5.2  (fat) 

5.2 

B-C,  15;D.  16.17;E, 

18 

14 

Nitrous  oxide 

0.440 

0.466 

1.0  (brain) 
1.0  (heart) 

3.2 

B.  19;C-D,  20.21;E 

9 

15 

Radon 

0.17 

125.0 

B-E,4 

16 

Xenon 

0.097 

20. 0 

B-E,4 
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1 1.    DEPRESSION  OF  Oz  AND  COz  SOLUBILITY  BY  VARIOUS  SALTS  IN  WATER 

Aq  =  solubility  depression  per  unit  M  concentration  of  salt.    Values  of  A  are  for  salt  concentrations  up  to  0.3  M. 


Salt 

AaOz 

AaCOi 

Salt 

Aa02 

AaCOz 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

1 

Sodium  chloride 

0.0073 

0.111 

6 

Sodium  biphosphate 

0.218 

2 

Potassium  chloride 

0.0069 

0.087 

7 

Potassium  biphosphate 

0.00113} 
0.00087 

0.185 

3 

Potassium  fluoride 

0.0078 

8 

0.155  M  NaCl 

0.0172 

4 

Sodium  bicarbonate 

0.0081 

9 

0.119  M  NaCl 

0.0132 

5 

Lactic  acid 

0.0003 



III  Corrections  for  physiological  substitute- solutions. 

Contributors:    Bartels,    H.,   and  Opitz,    E. 

References:    [  Column  B]    Sendroy,   J.,   Jr.,   Dillon.   R.  T..   and  Van  Slyke,   D.  D.,  J.  Biol.  Chem.  105:597,    1934. 
[  Column  C]    Van  Slyke,   D.  D.,   Sendroy,   J.,   Jr.,   Hastings,   A.  B.,   and  Neill,   J.  M.,   ibid  78:765.    1928. 
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13.     DIFFUSION  COEFFICIENTS  AND  PERMEATION  COEFFICIENTS 

D  =   "true"  diffusion  coefficient  in  sq  cm/min  (  f^    =  -O-zr — 5-);  c  =  concentration  in  ml  gas  (STPD)  dissolved  per  ml 

?  t  a  x'^ 

liquid;   t  =   time  in  min;   x  =  distance  in  cm.    D'  =  permeation  coefficient  in  sq  cm/min/atm:    volume  of  gas  {ml, 
STPD)  diffusing  per  unit  lime  (min),   area  (sq  cm),   and  thickness  (cm),   if  the  difference  in  partial  pressure  of  the 

diffusing  gas  is  1  atm  in  the  direction  of  the  gas  flow.    D  = ,   where  a  is  the  Bunsen  solubility  coefficient,    ml  gas 

a 

(STPD)  dissolved  per  ml  liquid  at  a  partial  pressure  of  1  atm.    The  temperature  coefficient  of  D  in  the  range 

15-40°C  is  in  most  cases  nearly  2%  °C  [1,2],   and  temperature  coefficient  of  D'  nearly  1%  per  oc  in  the  same 

range.    [ 3] 

Part  I:    O^  AND  CO^  IN  VARIOUS  FLUIDS  AND  TISSUES 

Unless  otherwise  stated,   values  of  D  and  D'  were  recalculated  from  data  in  the  references,    with  the  aid  of  solubility 
coefficients  given  in  these  tables. 


Substance 


lAT 


Temp,    °C 


"TbT 


D  X  10"* 


lev 


TdT 


X  10' 

"TeT 


Reference 


TfT 


Oxygen 


1 

Water 

25 

15.1 

0.0283 

4.3 

B-E,  2 

2 

Water 

37 

19.3 

0.0239 

4.6 

B-E,2 

3 

Serum  1 

25 

11.9 

0.025 

3.0 

B-C,2;D,4,5;E,a,b 

4 

Serum 

37 

15.25 

0.021 

3.2 

B-C,2;D,4,5;E,a,b 

5 

Serum  protein  solution,   8%^ 

25 

11.1 

0.025 

2.8 

B-C,  6.7;D,calc.  by  a, b  from  4,5  ;E, a 

.b 

6 

Methemoglobin  solution,  8%^ 

25 

11.2 

0.025 

2.8 

B-C,8;D,calc.bya,bfrom  4.5;E,a 

b 

7 

Serum  protein,    30% 

25 

4.6 

B-C, 6, 7 

8 

Methemoglobin,    30%' 

25 

5.5 

0.032 

1.8 

B-C,  8;D,  calc.by  a.bfrom  4,5;  E,  a 

b 

9 

Muscle,  frog 

20 

4.5 

0.03l4 

1.4 

B-C,E,  3;D,4,5,9 

10 

Muscle,    frog 

37 

7.0 

0.0235^ 

1.655 

B-C,a,b;D.4,5;E,3 

11 

Connective  tissue,   frog 

20 

3.7 

0.0314 

1.15 

B-C,E,3;D,4,5 

12 

Connective  tissue,   dog 

37 

5.75 

0.02354 

1.356 

B-C,a,b;D,4,5;E.  3 

13 

Chitin 

20 

0.13 

B,E.3 

14 

Gelatin,    15% 

20 

2.8 

B,E,3 

15 

Rubber 

17 

0.57 

B-C, 10 

16 

Rubber 

20 

0.77 

B,E,  3 

Carbo 

n  Dioxide 

17 

Water 

20 

10.657 

0.878 

93.5 

B-E.  11.  12 

18 

Water 

37 

15.38 

B-C,  calc.bya,bfrom  11,12 

19 

Muscle,   frog 

22 

11.77 

0.78 

91.0 

B-C,  13;D,  14;E,a,b 

20 

Muscle,   frog 

22 

6.8 

0.78^ 

53.07 

B-C,a,b;D-E,  14 

21 

Muscle,   dog 

22 

6.0 

0.787 

47. 07 

B-C,a,b;D-E,  14 

22 

Muscle,   smooth,   cat 

22 

6.4 

0.78 

50.07 

B-C,a,b;D-E,14 

23 

Connective  tissue,   frog 

20 

5.3 

0.777 

41. 07 

B-C,a,b;D,  14;E,3 

24 

Diaphragm,   dog 

22 

3.6 

0.737 

26.5 

B-C,a,b;D-E,  14 

25 

Nerve 

22 

0.7l7 

0.78 

5.5 

B-C,  13;D,  14;E,a,b 

26 

Skin,    frog 

22 

4.2 

0.737 

30.57 

B-C,a,b;D-E,  14 

27 

Skin,   acidified 

22 

5.7 

0.787 

44.77 

B-C,a,b;D-E,  14 

28 

Rubber 

17 

0.517 

0.93 

4.8 

B-C,  10;D-E,a,b 

29 

Rubber 

22 

0.51 

0.937 

4.87 

B-C,E,a,b;D,  calc.  by  14  from  15 

Q  serum 


III  Solubility  of  O2  at  25°C  was  calculated  from  the  value  for  whole  blood  [5]  and  the  ratio 7— r — .  .       ,»  0.908  [4]. 

IZl  For  the  solubility  coefficient  of  O2  in  8%  serum  protein  solution  and  in  8%  methemoglobin  solution,   the  value  for 
serum  was  taken  (4].     HI  For  the  solubility  coefficient  of  O2  in  30%  methemoglobin,   the  value  for  erythrocytes  [4] 

was  taken.    /4/  Solubility  of  whole  blood  was  used  [4,5]    as  the  partition  coefficient  ( — rr — j-)  for  most  gases  is  too 

close  to  1.0  [9].     /5/   Value  for  D'  is  calculated  from  9  E,   assuming  a  temperature  coefficient  for  D'  of  1%  per°C[3]. 
Ibl  Value  for  D'  is  calculated  from  11  E,   assuming  a  temperature  coefficient  for  D'  of  1%  per  oC  [3].     /7/  Value  di- 
rectly determined.     /8/  Value  for  D  is  calculated  from  17  C  by  assuming  a  rise  of  D  by  2%  per  °C  [2.  1 1  ]  . 


Contributors:    (a)  Bartels,    H.,   (b)  Opitz,    E. 

References:       [l]    Carlson,   T.,   J.  Am.  Chem.  Soc.  33:102,    1911.    [2]    Gertz,   K.  H.,   and  Loeschcke.   H.  H.,  unpub- 
lished.    (3]    Krogh,   A.,   J.  Physiol.,   Lond.  52:391,    1919.    [4]    Sendroy,   J.,   Jr.,    Dillon,   R.  T.,   and  Van  Slyke,    D.  D., 
J.  Biol.  Chem.  1^:597.    1934.    [5]    Dill,    D.  B.,   and  Forbes,    W.  H.,   Am.  J.  Physiol.  ^1:^85,    1941.    [6]    Kreuzer,  F., 
Helvet.  physiol.  pharm.  acta  8:505,    1950.    [7]    Kreuzer,   F.,   ibid  9:388,    1951.    [8]    Pircher,    L.,   ibid  10:110,    1952. 
|9)    Kety,   S.  S.,   Pharm.  Rev.,   Bait.  3:1,    1951.    [10]    Daynes,   H.  A.,   Proc.  Roy.  Soc,   Lond.,   A  97:286.    1920. 
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"Dictionary  of  Applied  Physics,  "  vol    V,    London:  MacmiUan  Co.,    1923, 
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DIFFUSION  COEFFICIENTS  AND  PERMEATION  COEFFICIENTS  (Concluded) 
Part  U:    VARIOUS  GASES  RELATIVE  TO  O2  AS  UNITY 
D'  gas 


D  gas 
D  Oz 


D'  O2  ' 


Absolute  values  for  O2  obtained  from  Part  I  of  this  table. 


G.,Ur,tr^^^^ 

Temp 
OC 

Absolute  Value 
02 

H2 

He 

N2 

CO 

CO2 



Reference 

D 

D' 

D 

D' 

D 

D' 

D 

D' 

D 

D' 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

1 

Water 

20 

D  =  13.7  X  10-4 

1.62 

0.91 

0.94 

D,H,1;J,2 

2 

a  =  0.0239 

3 

D'  =  3.3  X  10-5 

0.89 

31.8 

K,2;M.l 

4 

37 

D  =  19.3  X  10-4 

1.57 

1.97 

0.93 

0.62 

D,F,H,1;L,3 

5 

Q  =  0.02386 

1.33 

L,l 

6 

D'  =  4.6  X  10-5 

1.09 

0.69 

0.483 

14.5 

E,G,I,M.a,b 

7 

Serum 

37 

D  =  15.24  X  10-4 

1.54 

0.85 

D.H.l 

8 

a  =  0.021 

9 

D'   =  3.2  X  10-5 

1.118 

0.479 

E,I,4 

10 

Muscle 

16-20 

D  =  4.5  X  10-4 

1.37 

L.5 

11 

Q  =  0.031 

12 

D'  =  1.4  X  10-5 

0.60 

0.70 

35.0 

I.K.M,2 

13 

Connective 
tissue 

16-20 

D  =  3.7  X  10-4 

0.97 

L.5 

14 

a  =  0.031 

15 

D'  =  1.15  X  10-5 

0.46 

0.75 

36.0 

I.K,M.2 

16 

23.0 

M,2 

17 

Rubber 

16-17 

D'  =  0.77  X  10-5 

0.52 

0.56 

5.0 

I.K,M,2 

18 

2.15 

0.39 

0.44 

5.3 

E,I,K,M,6 

Contributors:    (a)  Bartels.   H.,    (b)  Opitz.    E. 

References:    [  l]    Gertz,   K.  H.,   and  Loeschcke,   H.  H.,   Zschr.  Naturforsch.  9b:l,    1954.    [2]   Krogh.   A.,   J.  Physiol., 
Lond.  52:391,    1919.    [3]    Gertz,   K.  H.,   and  Loeschcke,   H.  H.,   Zschr.  Naturforsch.  Hb: 61.    1956.    [4]    Tammann, 
G.,   and  Jessen,   V..   Zschr.  anorg.  u.  allgem.  Chera.  1_79:125.    1929.    [5)    Wright.    C.  J.,   J.  Gen.  Physiol.  17:657, 
1934.     [6]    Graham.    T.,    Ann.  Physik  Chem.   r29:548,    1866. 

14.    DIFFUSION  COEFFICIENTS:    GASES  IN  WATER  AT  VARIOUS  TEMPERATURES 
Methods:    U  =  unspecified;  A  =  measurement  of  the  volume  of  gas  diffusing  per  unit  time  into  a  gel  of  1-2%  agar  in 
water,   in  temperature  range  0-30°C;  B  =  measurement  of  the  volume  of  gas  diffusing  from  a  gas  bubble  into  the 
surrounding  water  in  the  temperature  range  21-37°C   (the   relative   values   of  the  coefficients  for  various  gases 
obtained  by  this  method  were  converted  to  absolute  values  by  means  of  Dh^  as  measured  directly  [l]  );  C  =  colori- 
metric  measurement  of  the  diffusion  velocity  of  O^  by  addition  of  0.03-1%  hemaglobin  as  indicator;  D  =  measurement 
of  the  volume  of  gas  diffusing  per  unit  time  into  a  tube  filled  with  gas-free  water;  P  =  polarographic  measurement 
with  the  dropping- mercury  electrode;  T  =  measurement  of  the  velocity  of  diffusion  within  a  tube  of  1  cm  diameter 
filled  with  water  or  a  2%  solution  of  agar  in  water. 


Method 

D  X  10-4,    sq  cm  per  rain 

Reference 

""" 

lOOC 

20OC 

25OC 

30OC 

370c 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

H2 

A 

16.65 

21.75 

24.3 

26.85 

30.4 

1 

2 

B 

22.2 

24.3 

26.8 

30.3 

2 

3 

He 

B 

37.2 

2 

4 

C2H2 

A 

8.75 

10.95 

12.08 

13.2 

14.77 

1 

5 

N2 

A 

8.2 

10.05 

11.0 

11.93 

13.2 

1 

6 

T 

114. 

3.4 

7 

U 

11.9 

3,4 

8 

B 

_12.5 

14.2 

15.5 

18.0 

2 

9 

CO 

U 

6.1 

5 

10 

13.1 

6 

11 

02 

u 

10.9 

3,4 

12 

12.35 

3,4 

13 

B 

13.7 

15.1 

16.8 

19.3 

2 

14 

P 

15.6 

7 

15 

C.  P 

13.5 

8-10 

16 

CO2 

A 

7.48 

9.14 

9.98 

10.82 

12.03 

1 

17 

B 

14.8 

16.3 

18.9 

11 

18 

U 

8.76 

10.6 

3,4,  12 

19 

D 

9.5 

5 

20 

N2O 

T 

9.23 

10.0 

3 

21 

B,  D 

9.2 

5 

Contributors:    Bartels,   H.,   and  Opitz,   E. 

References:    [  l]    Tammann,   G..   and  Jessen,   V.,   Zschr.  anorgan.  u.  allgem.  Chem.   r79:125,    1929.    [2]  Gertz,  K.  H.. 

and  Loeschcke,    H.  H.,    Zschr.  Naturforsch.  9b:l,    1954.    [3]    Hufner,    G.,    Wied.  Ann.   Physik.  60:134,    1897. 

[4]    Bruins,   H.  R.,   International  Critical  Tables,   vol    V,   p63.   New  York:   McGraw-Hill,  1929.    [5]    Longmuir.   J.S., 

and  Roughton,    F.  J.,   J.  Physiol.,    Lond.   n_8:264,    1952.     [6]    Krogh,    A.,    ibid  52:391,    1919.    [7]    Kolthoff,    J.   M.,    and 

Miller,    C.  S.,   J.  Am.  Chem.  Soc.  63:101,  1941.   [8]  Kreuzer,  F.,  Helvet.  physiol.  pharm.  acta  8:505,  1950. 

[9]  Kreuzer,    F.,  ibid  9:388,  1951.  TTo]  Pircher.  L.,  ibid  ]^:110,  1952.   [U]  Gertz,  K.  H..  and  Loeschcke.  H.  H., 

Zschr.  Naturforsch.   llb:61,    1956.    [12]     Carlson,    T.,    J.  Am.  Chem.  Soc.  33:1027,    1911. 
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16.     THE  RESPIRATORY  SYSTEM:     MAN 


Left  woll  of 
nosal  cavity  ond 
turbinotes 


L  and  r  phrenic  nn. 


Alveoli 


Atria 


Inf.  vena  covo 


=>ul.v. 

Terminal  bronchiole  Alveolar   soccule 

Reference:    "Dorland's  Illustrated  Medical  Dictionary,"  23rd  ed.,    p  1355,    Philadelphia:  W.  B.  Saunders  Co.,    1957. 
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17.     BRONCHOPULMONARY  SEGMENTS;     MAN 
For  practical  purposes,   the  lungs  may  be  divided  into  lobes  which  are  fairly  constant  and  well  recognized,   and  each 
lobe  into  segments.    These  segments  are  supplied  by  the  principal  subdivisions  of  the  bronchus  entering  that  lobe. 
There  is  a  fair  degree  of  constancy  in  these  bronchial  subdivisions,    both  with  respect  to  their  point  of  origin  in  the 
tracheobronchial  tree  and  to  the  part  of  lung  which  they  supply.    Terminology  used  is  that  suggested  by  Jackson  and 
Huber. 


Contributors:    Jackson,   C.  L.  and  Huber,   J.  F. 

Reference:    Jackson.   C.  L.,   and  Huber.   J.  F.,    Dis.  Chest  9:319, 


1943. 
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Age  is  given  in  years, 
Scammon,    R.  E. 


18.     LUNG  WEIGHT:    MAN 
unless  otherwise  specified.    Values  are  mean  weight  for  both  lungs.     Data  collated  by 


Male 

Female 

Both  Sexes 

Age 

Specimens 

Lung  Weight 

Specimens 

Lung  Weight 

Specimens 

Lung  Weight 

no. 

g 

no. 

e 

no. 

g 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Birth 

92 

51.7 

71 

50.9 

232 

50.0 

2 

Birth-  3  mo 

46 

68.8 

47 

63.6 

93 

06.2 

3 

3-6  mo 

53 

94.1 

52 

93.3 

113 

94.2 

4 

6-9  mo 

72 

128.5 

55 

114.7 

127 

122.6 

5 

9-12  mo 

49 

142.4 

63 

142.1 

115 

142.7 

6 

1-2 

78 

170.3 

84 

175.3 

166 

173.7 

7 

2-3 

76 

245.9 

62 

244.3 

145 

243.8 

8 

3-4 

51 

304.7 

34 

265.5 

88 

286.5 

9 

4-5 

32 

314.2 

21 

311.7 

56 

310.8 

10 

5-6 

18 

260.6 

27 

319.9 

51 

301.9 

11 

6-7 

8 

399.5 

17 

357.5 

29 

377.6 

12 

7-8 

15 

365.4 

10 

404.4 

25 

381.0 

13 

8-9 

5 

405.0 

7 

382.1 

14 

400.7 

14 

9-10 

5 

376.4 

5 

358.4 

U 

342.2 

15 

10-11 

15 

474.5 

4 

571.2 

20 

495.7 

16 

11-12 

8 

465.6 

4 

535.0 

12 

488.7 

17 

12-13 

4 

458.8 

3 

681.7 

7 

554.3 

18 

13-14 

6 

504.5 

4 

602.3 

12 

521.8 

19 

14-15 

12 

692.8 

6 

517.0 

19 

632.1 

20 

15-16 

12 

691.7 

13 

708.8 

28 

702.4 

21 

16-17 

9 

747.3 

6 

626.5 

15 

699.0 

22 

17-18 

12 

776.9 

13 

694.5 

25 

734.0 

23 

18-19 

20 

874.7 

15 

654.9 

35 

780.5 

24 

19-20 

19 

1035.6 

12 

785.2 

31 

938.7 

25 

20-21 

13 

935.0 

28 

792.8 

42 

848.8 

26 

20-40 

259 

1169.3 

150 

885.5 

410 

1065.4 

Contributor:     Boyd,    E. 

Reference:     Boyd.    E.,   "Outline  of  Physical  Growth  and  Development, 


Table  17,    Minneapolis:    Burgess,    1941. 


19.     LUNG  WEIGHT  INCREMENTS  DURING  FIRST  YEAR:     MAN 

Data  represent  mean  value  at  birth  and  for  each  trimester  of  first  year,   as  determined  from  600  observations 
collated  from  the  literature  and  the  author's  own  investigations.     B  =  birth. 


150 


01 


125 


100 


75 


50 


^,r^ 

^^' 

Male 

^^ 

Female 

'  •■ 

J^  ^ 

V 

/>^ 

Bl  2  34  5  678  9         10        11        12 

Month 


Reference:     Krogman,    W.  M..    Tabulae  Biologicae  20:669,    1941  (adapted  from  Scammon,    R    E.,    Radiology  9:93, 
1927). 
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20. 


LUNG  WEIGHT  AND  VOLUME  INCREMENTS  DURING  FIRST  YEAR:     MAN 
Figures  in  parentheses  are  total  number  of  observations. 


P    g 

O 
> 


275 

250 

225 

200 

175 

150 

125 

100 

75 

50 

25 

0 


E3     Lung  weight    (600) 
CH    Lung  volume  (360) 


^ 


Birth 


^ 


2-3 


3-6 
Month 


9-12 


Reference:    Krogman.    W.  M. ,   Tabulae  Biologicae  20:669,    1941  (adapted  from  Scammon,  R.   E.,  Radiology  9:101 ,  1927). 

21.     DIMENSIONS  OF  TRACHEOBRONCHIAL  TREE:     MAN,    ADULT 

Values  tabulated  below  represent  average  dimensions  of  the  adult  tracheobronchial  tree,    computed  by  Findeisen  and 
Landahl,   according  to  a  functional  concept  of  structure  rather  than  a  strictly  anatomical  description.    Here,   the 
major  bronchi  are  listed  according  to  their  order  of  generation  rather  than  to  lobar  or  segmental  distribution.   This 
table  serves  two  purposes:     First,    it  permits  listing  bronchi  of  similar  size  in  the  same  category,   and  second,    it 
serves  as  a  tool  for  the  functional  description  of  airflow  characteristics  at  various  points  of  the  tracheobronchial 
tree.    However,   the  user  of  these  values  must  recognize  that  there  is  considerable  overlapping  of  the  various 
orders  of  branching. 


Branches 

Length 

Diameter 

Segment 

no. 

cm 

mm 

Findeisen 

Landahl 

Findeisen 

Landahl 

Findeisen 

Landahl 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Trachea 

Bronchi 

1 

1 

11.0 

12.0 

13.0 

16.0 

2 

Primary  (main) 

2 

2 

6.5 

6.0 

7.5 

10.0 

3 

Secondary 

12 

12 

3.0 

3.0 

4.0 

4.0 

4 

Tertiary 

100 

100 

1.5 

1.5 

2.0 

2.0 

5 

Quartenary 
Bronchioles 

770 

770 

0.5 

0.5 

1.5 

1.5 

6 

Terminal 

5.4  X  104 

6  X  104 

0.3 

0.3 

0.6 

0.6 

7 

Respiratory 
Alveolar  ducts 

1.1  X  10^ 

1.5  X  105 

0.15 

0.15 

0.5 

0.4 

8 

1st  order 

2.6  X  107 

3  X  107 

0.02 

0.05 

0.2 

0.3 

9 

2nd  order 

4  X  107 

0.03 

0.25 

10 

Alveolar  sacs 

5.2  X  107 

108 

0.03 

0.033 

0.3 

0.33 

Contributor:    Ross,    B.  B. 

References:     [  l]     Findeisen,    W.,    Pflugers   Arch.    236:367,    1935.     [2]     Landahl,    H.   D.,    Bull.   Math.   Biophys.   12:43, 
1950. 

22.     DIAMETER  OF  RESPIRATORY  ALVEOLI:     MAN 
Values  are  in  millimeters. 


Age 

Diameter 

(A) 

(B) 

T 

2 
3 
4 
5 

Few  hr 
1-1   1/2  yr 
3-4  yr 
5-6  yr 
10-15  yr 

0.05 
0.10 
0.12 
0.14 
0.17 

Age 

Diameter 

(A) 

(B) 

6 
7 
8 
9 

18-20  yr 
25-40  yr 
50-60  yr 
70-80  yr 

0.20 
0.22 
0.30 
0.34 

Contributor:    Boyd,    E. 

Reference:    Scammon,   R.  E. 
1923. 


'Pediatrics,"  (Abt,   1.  A.,   ed.),   vol  I,   p  257,    Philadelphia:     W.  B.  Saunders  Co. 
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23.     LENGTH  OF  BRONCHI:     MAN 


Values  are  in  millimeters. 


Main 

Right 

Portion  between 

Left 

Age 

Right 

Upper  Lobe 

Upper  and  Middle 

Main 

Bronchus 

Bronchus 

Lobe  Bronchi 

Bronchus 

(A) 

(B) 

(C> 

(D) 

(E) 

1 

1  mo 

9 

4 

8 

21 

2 

3  mo 

10 

5 

10 

24 

3 

5  mo 

8 

4.5 

10 

21 

4|  6  mo 

10 

6 

11 

25 

5 

1  yr 

11 

5 

12 

29 

6 

2yr 

13 

6 

11 

29 

7 

3yr 

13 

6 

12 

31 

8 

4  yr 

12 

7 

12 

32 

9 

Syr 

13.5 

7 

14 

34 

10 

7yr 

11 

10 

17 

33 

11 

10  yr 

14 

10 

13 

35 

12 

13  yr 

22 

10 

19 

42 

13 

40  yr 

20 

13 

22 

52 

Contributor:    Boyd,    E. 

Reference:     Engel.   S.,    Arch.  Kinderh.  60:267,    1913. 


24.     DIAMETER  OF  TRACHEA  AND  BRONCHI:     MAN 
Values  are  in  millimeters. 


No. 

Trachea 

Right  E 

ronchus 

Left  Bronchus 

"e«= 

Sagittal 

Frontal 

Sagittal 

Frontal 

Sagittal 

Frontal 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

1  mo 

2 

5.65 

6.45 

4.6 

5.0 

3.9 

4.15 

2 

3  mo 

6.5 

6.8 

5.0 

4.7 

4.0 

4.1 

3 

5  mo 

7.0 

7.2 

6.1 

5.9 

4.9 

4.3 

4 

1  yr 

2 

7.0 

7.9 

5.9 

6.2S 

4.4 

5.1 

5 

liyr 

8.0 

10.4 

7.7 

7.8 

4.7 

7.3 

6 

2yr 

9.4 

8.8 

7.5 

7.3 

4.9 

5.2 

7 

2i  yr 

8.6 

8.9 

6.6 

6.5 

5.5 

5.0 

8 

3yr 

10.8 

9.4 

7.4 

7.3 

7.0 

5.5 

9 

3iyr 

9.0 

10.7 

7.0 

8.2 

5.0 

7.6 

10 

4yr 

9.1 

11.2 

8.4 

9.1 

6.0 

6.8 

11 

Syr 

10.25 

9.7 

8.55 

7.5 

6.3 

6.95 

12 

7yr 

10.4 

11.0 

9.0 

9.3 

6.9 

8.2 

13 

7iyr 

U.4 

11.6 

10.4 

9.3 

7.2 

7.8 

14 

10  yr 

9.3 

12.4 

8.6 

9.2 

7.3 

8.4 

15 

13  yr 

10.7 

13.5 

9.6 

10.9 

8.5 

8.5 

16 

40  yr 

16.7 

14.4 

14.0 

12.7 

11.5 

11.1 

Contributor:    Boyd,    E. 

Reference:     Engel,    S.,    Arch.  Kinderh.  60:267,    1913. 
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25.    DIMENSIONS  OF  TRACHEA:     MAN 
Based  on  data  of  Engel,   Gegovd.   Koike,   Mettenheimer,   Oppikofer,    Passavant,   and  Scammon. 


— 



Len 

gth 

Lumen  Diameter 

Age 

Specimens 

cm 

Specimens 

Sagittal 

Frontal 

no. 

no. 

mm 

mm 



(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

0-1  mo 

20 

4.0 

11 

3.6 

5.0 

2 

1-3  rao 

30 

3.8 

35 

4.6 

6.1 

3 

3-6  mo 

35 

4.2 

37 

5.0 

5.8 

4 

6-12  rao 

23 

4.3 

25 

5.6 

6.2 

5 

1-2  yr 

17 

4.5 

18 

6.5 

7.6 

6 

2-3  yr 

19 

5.0 

22 

7.0 

8.8 

7 

3-4  yr 

12 

5.3 

12 

8.3 

9.4 

8 

4-6  yr 

22 

5.4 

25 

8.0 

9.2 

9 

6-8  yr 

14 

5.7 

16 

9.2 

10.0 

10 

8-10  yr 

14 

6.3 

16 

9.0 

10.1 

11 

10-12  yr 

8 

6.3 

10 

9.8 

11.3 

12 

12-14  yr 

5 

6.4 

6 

10.3 

11.1 

13 

14-16  yr 

9 

7.2 

10 

12.7 

14.0 

14 

Adult 

12(9-15) 

17.2(13-23) 

14.7(12-18) 

— 

Contributor:    Boyd,    E. 

Reference:    Scammon,  R.  E.,  in  "Pediatrics"  (Abt,  I.  A.,  ed.),  vol  I,    p  257,  Philadelphia:  W.  B.  Saunders  Co..  1923. 

2b.    DIAMETER  OF  SINUSES:     MAN 
Values  are  in  millimeters. 


Age 

No. 

Diameter 

Ostium 

Vertical 

Lateral 

Ant. -Post. 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Left  Frontal 

1 

8  da-1  yr 

10 

2.5  X  0.75 

2.7 

1.6 

3.3 

2 

1-2  yr 

10 

2.3  X  0.75 

4.0 

2.5 

3.8 

3 

2-3  yr 

8 

2.0  X  0.87 

6.5 

3.1 

5.4 

4 

5-6  yr 

3 

3.5  X  1.8 

9.0 

5.1 

7.0 

5 

9-10  yr 

2 

3.5  X  2.0 

8.5 

6.2 

7.5 

6 

13-14  yr 

3 

4.1  X  1.7 

11.3 

11.8 

12.3 

7 

17-18  yr 

4 

2.8  X  1.4 

26.2 

26.5 

10.6 

8 

20-21  yr 

2 

5.0  X  3.1 

26.6 

19.0 

18.2 

Left  Sphenoidal 

9 

8  da-1  yr 

10 

0.7  X  0.7 

2.8 

2.0 

1.6 

10 

1-2  yr 

10 

0.9  X  0.7 

4.5 

3.4 

2.2 

11 

2-3  yr 

8 

1.0  X  0.7 

5.4 

4.1 

2.8 

12 

5-6  yr 

3 

1.6x  1.3 

7.0 

5.4 

5.0 

13 

9-10  yr 

2 

3.2  X  2.0 

11.0 

12.2 

7.3 

14 

13-14  yr 

3 

3.0  X  1.3 

10.8 

11.1 

11.7 

15 

17-  18  yr 

4 

3.0  X  1.0 

21.0 

15.3 

20.2 

16 

20-21  yr 

2 

2.5  X  0.9 

22.0 

15.3 

18.0 

Left  M 

axillary 

17 

8  da- 1  yr 

10 

1.5  X  0.6 

5.7 

4.6 

13.3 

18 

1-2  yr 

10 

2.1  X  0.8 

8.3 

6.7 

17.9 

19 

2-3  yr 

8 

2.0  X  0.8 

9.2 

7.9 

20.2 

20 

5-6  yr 

3 

3.3  X  1.1 

12.3 

14.0 

26.2 

21 

9-10  yr 

2 

4.0  X  2.5 

18.5 

19.0 

30.5 

22 

13-14  yr 

3 

3.7  X  1.1 

23.6 

18.0 

31.1 

23 

17-18  yr 

4 

3.3  X  1.5 

32.2 

24.5 

36.0 

24 

20-21  yr 

2 

3.5  X  1.0 

26.5 

20.0 

32.0 

Contributor:    Boyd,   E. 

Reference:    Davis,    W. 
Saunders  Co.,    1914. 


B.,   "Development  and  Anatomy  of  the  Nasal  Accessory  Sinuses  in  Man,"  Philadelphia:    W.  B. 
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27.    LUNG  WEIGHT  RELATIONSHIPS:    LABORATORY  MAMMALS 
Part  I;    LUNG  LOBES 
Lobes  arbitrarily  numbered  as  referred  to  in  Part  III. 


Cat 


Left 

1  =  Apical  (superior) 

2  =  Diaphragmatic  (inferior) 


Left 


Left 


Right 


Right 


Right 

1  =  Apical  (superior) 

2  =  Middle 

3  =  Diaphragmatic  (inferior) 

4  -  Azygos  (mediastinal) 


Guinea  pig 


Left 


Right 


Left 


Right 


Monkey 


Rabbit 


Contributors:    (a)  Joffe,    M.  H.,   (b)   Ross.   B.  B. 

References:    [1]   U.  S.  Army  Chemical  Warfare  Laboratories,  Army  Chemical  Center,  Maryland.    [  2)   Rahn,  H. 
and  Ross.  B.  B..  J.  Appl.  Physiol.  10:154,  1957. 
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27.    LUNG  WEIGHT  RELATIONSHIPS:    LABORATORY  MAMMALS  (Concluded) 

Part  II:     BODY  WEIGHT  VS  LUNG  WEIGHT 

Values  in  parentheses  are  ranges,    estimate  "c"  of  the  95%  range  (cf  Introduction). 


No. 

Body  Weight 
kg 

Wet  Weight 

Dry  Weight 

Animal 

Whole  Lung 
g 

%  Body 
Weight 

Whole  Lung 
g 

%  Body 
Weight 

%  Wet 
Weight 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 
2 
3 
4 
5 

Cat 
Dog 

Guinea  pig 
Monkey 
Rabbit 

5 
11 

16 
6 

4 

3.08(2.1-4.0) 

18.3(11.5-25.0) 

0.50(0.29-0.76) 

3.12(2.1-4.1) 

2.33(2.0-2.5) 

23.19(16.3-28.0) 

4.11(2.3-7.0) 

25.46(20.0-33.0) 

10.5(9.8-13.0) 

0.75 

0.82 
0.82 
0.45 

5.57(3.6-6.8) 

42.6(25.2-68.9) 

0.86 

5.52(3.9-8.1) 

2.23(2.0-2.6) 

0.18 
0.23 
0.17 
0.18 
0.10 

24.43 

20.86 
21.66 
21.55 

1 

2 
1 
1 
1 

Contributors:    (a)  Joffe.   M.  H.,   (b)  Ross.   B.  B. 

References:    [1]    U.    S.   Army   Chemical   Warfare   Laboratories,   Army  Chemical   Center,   Maryland.    [2]    Ross, 
B.  B.,   unpublished. 


Part  III:     LUNG  LOBE  WEIGHT  RELATIONSHIPS 
Specification:    A-W  =  actual  weight  in  grams;  %  T-D-W  =  %  total  dry  weight. 


Specification 

Lun{ 

Lobe 

Tracheal 

Animal 

(Left 

Apical) 

LI 

(Left 

Diaphragmatic) 

L2 

(Right 

Apical) 

Rl 

(Right 

Middle) 

R2 

(Right 

Diaphragmatic) 

R3 

(Azygos) 
R4 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 

2 

Cat 

A-W 

%  T-D-W 

0.77 
13.38 

1.2 
21.55 

0.70 
12.6 

0.38 
6.66 

1.23 
22.0 

0.37 
6.68 

0.96 
17.2 

1 

3 
4 

Dog 

A-W 

%  T-D-W 

5.3 
12.4 

9.2 
21.6 

5.7 
13.4 

3.1 
7.3 

8.8 
20.7 

2.8 
6.6 

7.7 
18.1 

2 

5 
6 

Monkey 

A-W 

%  T-D-W 

1.07 
19.3 

1.31 
23.73 

0.70 
12.7 

0.43 
7.8 

1.44 
26.08 

0.24 
4.36 

0.38 
6.86 

1 

7 
8 

Rabbit 

A-W 

%  T-D-W 

0.21 
9.14 

0.61 
26.74 

0.20 
8.72 

0.20 
8.85 

0.63 
27.84 

0.11 
4.89 

0.29 
12.6 

1 

/I/  Tracheal  length  weighed  included  structure  between  thyroid  cartilage  and  bifurcation. 

Contributors:     (a)  Joffe,    M.  H.,    (b)  Ross,    B.  B. 

References:    [  l]    U.    S.   Array  Chemical   Warfare   Laboratories,   Army  Chemical  Center,    Maryland.    [2]    Ross, 
B.  B.,    unpublished. 
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28.    LUNG  WEIGHT:     VERTEBRATES 


Values,    unless  otherwise  indicated,   are  for 
mined  immediately  after  death  of  animal. 


Part  I:     MAMMALS 
adult  weights,   on  a  fresh  basis,   and  are  g/lOOg  body  weight  deter- 


Species 

No.  and 
Sex 

Body  Weight 
kg 

Lung  Weight 

Habitat 

g 

g/lOOg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Primates 


1 

Man,    Maya  Quiche  Indian,    25  yr 
35  yr 
American,    white 

Irf 

42 

1315 

3.13 

Guatemala 

2 

1<^ 

43.4 

755 

1.74 

Guatemala 

3 

Id- 

63.5 

360 

0.57 

New  York 

4 

Id- 

70.3 

620 

0.88 

New  York 

5 

Baboon  (Papio  cynocephalus) 

Irf 

19.51 

175 

0.89 

Moto  Umba 

,   Africa 

b 

Chimpanzee  (Troglodytes  niger) 

Id- 

52.16 

600 

1.15 

Budonga  Forest,  Uganda, 

Africa 

7 

Monkey,   gray  (Cercopithecus  mitis 
kibonotensis) 

Howler,   black  (Alouatta  palliata 
inconsonons) 

Howler,   brown  (A.  palliata  palliata) 

Humboldt  (Lagothrix  humboldti) 
Lemur  (Galago  senegalensis) 

Ring-tailed  (Lemur  catta) 
Macaque,    rhesus  (Macaca  rhesus) 

Night  (Aotus  zonalis) 

Spider,    red  (Ateles  geoffroyi) 

Spider,    black  (A.  dariensis) 
Squirrel  (Leontocebus  geoffroyi) 

Sykes  (Cercopithecus  sp) 
Vervet  (C.  aethiops  centralis) 

Whiteface  (Cebus  capucinus  linnaeus) 

Yellow   titi  (Saimiriorstedii  orstedii 
reinhardt) 

19 

1.22 

9.98 

0.82 

Maji  Moto, 

Africa 

8 

2d' 

3.73 

28.51 

0.75 

Maji  Moto, 

Africa 

9 

10,  d'S 

0.671 

9.881 

1.471 

Panama 

10 

i.<f9 

2.682 

22.72 

0.852 

Panama 

11 

28,  d-? 

6.17 

38.68 

0.627 

Panama 

12 

5,  d-? 

1.21<i 

11.52 

0.952 

Panama 

13 

6,  d"? 

3.12 

28.3 

0.91 

Panama 

14 

19 

5.26 

63.5 

1.21 

South  America 

15 

19 

0.20 

1.44 

0.72 

Maji  Moto, 

Africa 

16 

19 

1.73 

24.7 

1.43 

Zoo 

17 

19 

1.39'^ 

6.22- 

0.45^ 

Ohio 

18 

79 

3.63 

68.5 

1.89 

Laboratory 

19 

18,  d-? 

1.932 

17.32 

0.902 
1.162 

Panama 

20 

19,d'S 

1.032 

11.982 

Panama 

21 

63,  cT? 

7.63 

51.38 

0.67 

Panama 

22 

18,  d'9 

1.932 

17.302 

0.892 

Panama 

23 

133,  d'9 

0.19^ 

3.131 

I.64I 

Panama 

24 

19,cf9 

0.475"^ 

3.91'= 

0.872 

Panama 

25 

8.  d'9 

0.793 

8.48 

1.07 

Panama 

26 

2d' 

4.94 

21.36 

0.43 

Maji  Moto, 

Africa 

27 

2d' 

4.19 

17.01 

0.406 

Maji  Moto, 

Africa 

28 

19 

1.232 

9.982 

0.812 

Maji  Moto, 

Africa 

29 

27,  d'9 

O.59I 

7.93' 

I.34I 

Panama 

30 

6,  d'9 

1.322 

20.44'^ 

1.552 

Panama 

31 

14,  d'9 

3.10 

34.07 

1.1 

Panama 

32 

60,  d'9 

0.607 

7.20 

1.19 

Panama 

Ce 

irnivores 

33 

Bear,    polar  (Thalarctos  maritimus) 

2,  d'9 

258.5 

2140 

0.83 

Zoo 

34 

Cat,   domestic  (Felis  domesticus) 
Genet  (Genetta  tigrina  suahelica) 
Wildcat  (Felis  ocreata) 

2,rf9 

1.54 

15 

0.97 

Panama 

35 

2d',  19 

1.38 

17.77 

1.28 

Maji  Moto, 

Africa 

36 

19 

2.70 

9.0 

0.33 

Maji  Moto, 

Africa 

37 

Cheetah  (Acinonyx  jubatus) 

Id' 

40.8 

360 

0.88 

Zoo 

38 

Coati  (Nasua  nasua  panamaensis) 

Id' 

6.25 

43 

0.69 

Guatemala 

39 

Coyote  (Canis  latrans) 

19 

8.51 

61.28 

0.72 

Kansas 

40 

Dog  (Canis  familiaris) 

Greyhound                                             • 

Husky 

Mongrel 

Collie- police 

3d',  29 

13.70 

315 

2.3 

Maji  Moto, 

Africa 

41 

Id' 

24.49 

363.5 

1.48 

Tennessee 

42 

2d' 

31.75 

431 

1.36 

Churchill, 

Canada 

43 

2d',  2  9 

13 

123.2 

0.94 

Florida  and  Ohio 

44 

49 

23.71 

192.7 

0.81 

Ohio 

45 

Fox,   bat-eared  (Otocyon  megalotis) 
Gray  (Urocyon  cineroargenteus  scotti) 

19 

3.34 

35.05 

1.05 

Maji  Moto, 

Africa 

46 

Id 

3.76 

19.12 

0.51 

Florida 

47 

Jakal  (Thos  mesomelas) 

2d' 

2.85 

30.08 

1.05 

Lake  Many 

ira,    Africa 

48 

Jaguar  (Felis  onca) 

19 

34.47 

576.0 

1.67 

Zoo 

49 

Kinkajou  (Potos  flavus  aztecus) 

19 

2.62 

78.5 

2.99 

Guatemala 

50 

Leopard  (Felis  pardus) 

Id' 

48 

500 

1.04 

Zoo 

51 

Lion  (Felis  leo) 

Mountain  (F.  oregonensis) 

3d',  19 

128.2 

2090 

1.63 

Zoo 

52 

2d' 

190.9 

2300 

1.20 

Maji  Moto, 

Africa 

53 

Id' 

28.79 

326 

1.13 

New  Mexico 

54 

Mongoose  (Ichneumia  albicauda) 

Id' 

4.40 

58 

1.32 

Maji  Moto. 

Africa 

55 

Raccoon  (Procyon  loter  pumilis) 

Id',  29 

3.99 

81.47 

2.04 

Florida,  and  zoo 

/I/  Infant.     /2/  Juvenile. 
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28.    LUNG  WEIGHT:     VERTEBRATES  (Continued) 

Part  I:     MAMMALS  (Continued) 
Values,   unless  otherwise  indicated,   are  for  adult  weights,   on  a  fresh  basis,   and  are  g/lOOg  body  weight  deter- 
mined immediately  after  death  of  animal. 


Species 

No.  and 
Sex 

Body  Weight 
kg 

Lung  Weight 

Habitat 

g 

g/lOOg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Carnivores  (concluded) 


5b 

Seal,   bearded  (Erignathus  barbatus) 
(Phoca  richardi  geronimensis) 
Ringed  (P.  hispida) 

19 

281 

4536 

1.61 

Canada 

57 

Id- 

107.3 

1880 

1.75 

California 

58 

Sd-,  2? 

39.73 

734 

1.85 

Canada 

59 

Serval  (Feiis  capensis) 

lrf,2? 

7.88 

87.8 

1. 11 

Maji  Moto,  Africa 

60 

Skunk  (Mephitis  mephitis) 

Id- 

1.7 

27.1 

1.59 

New  York 

61 

Tiger  (Felis  tigris) 

2,  d-9 

184 

1454 

0.79 

Zoo 

62 

Weasel,  arctic  (Mustela  arctica) 

i<f.  19 

0.182 

3.72 

2.04 

Canada,   and  zoo 

63 

Wolf,    Russian  (Canis  lupus  lupus) 
Timber  (C.  lubilus) 

Id- 

22.68 

807 

3.56 

Zoo 

64 

IcC 

29.94 

379 

1.26 

Minnesota 

Rodents 

65 

Agouti,   brown  (Dasyprocta  punctata 
dariensis) 
Spotted  (Cuniculus  paca  virgatus) 

2,  d'9 

3.17 

16 

0.50 

Panama 

66 

3,  <f9 

3.63 

23.5 

0.65 

Panama 

67 

Beaver  (Castor  canadensis) 

2,  d-S 

5.01 

48.9 

0.97 

Michigan 

68 

Capybara  (Hydrochoerus  isthimius) 

2,  d-S 

27.67 

227 

0.82 

Panama 

69 

Chipmunk  (Tamlas  striatus  fisheri) 

2d' 

0.075 

0.719 

0.96 

Cleveland,   Ohio 

70 

Guinea  pig  (Cavia  cutleri) 

56d',  66? 

0.368 

3.56 

0.97 

Cleveland,   Ohio 

71 

Hamster,   golden  (Cricetus  cricetus) 

2d',  29 

0.118 

0.54 

0.46 

Cleveland,    Ohio 

72 

Hare,    African  (Lepus  capencis) 
Arctic  (L.  arcticus  arcticus) 

19 

2.93 

17.91 

0.61 

Maji  Moto,   Africa 

73 

Z'f.Z9 

2.27 

43.9 

1.93 

Tavane,    Canada 

74 

Lemming,   brown  (Leramus 
trinucronatus) 

Rock  (Dicrostonyn  rubricatus 
richardsoni) 

4<f,  19 

0.039 

0.77 

1.97 

Churchill,    Canada 

75 

4d' 

0.052 

0.83 

1.59 

Churchill,   Canada 

76 

Mouse,   African  (Mastomys  coucha 
microdon) 

Dormouse  (Claviglis  saturatus) 
Jumping  (Zapus  hudsonicus)^ 
Meadow  (Microtus  drummondi)^ 

(M.  pennsylvanicus  pennsylvanicus) 

(Peromyscus  sp)3 

Irf 

0.022 

0.24 

1. 10 

Maji  Moto,   Africa 

77 

Id- 

0.018 

0.27 

1.50 

Maji  Moto,   Africa 

78 

Irf,  39 

0.017 

0.243 

1.42 

Ohio 

79 

67  d-,  429 

0.023 

0.39 

1.70 

Churchill,    Canada 

80 

53d'.  429 

0.026 

0.394 

1. 51 

Ohio 

81 

I4d'.  29 

0.015 

0.26 

1. 71 

Guatemala 

82 

Muskrat  (Ondatra  zibethica  alba) 

Id' 

0.9 

4.35 

0.98 

Churchill,   Canada 

83 

Porcupine  (Erethizon  dorsatus) 

2,d'? 

2.91 

29 

0.98 

Maji  Moto,  Africa,  and  New 

York 

84 

Rabbit,    Flemish  giant  (Lepus  sp) 

229 

2.59 

13.72 

0.53 

Ohio 

85 

Rat,    Norway  (Rattus  norvegicus) 

2d',  19 

0.251 

1.98 

0.79 

Ohio 

86 

Squirrel,   ground  (Citellus  paryiiparyii) 
Red  (Sciurus  hudsonicus) 
(S.  hudsonicus  loquax) 

Sd-,  39 

0.908 

10.23 

1.11 

Churchill,   Canada 

87 

5d'.  49 

0.21 

2.91 

1.38 

Churchill,    Canada 

88 

2d',  29 

0.17 

2.29 

1.35 

Cleveland,   Ohio 

Artiodactyles 

89 

Bison,    American  (Bison  bison) 

Id' 

54.9 

1 190 

2.17 

California 

90 

Buffalo  (Syncerus  caffer  caffer) 

2d' 

759 

8110 

1.07 

Maji  Moto,   Africa 

91 

Bushbuck  (Tragelaphus  scriptus 
massaicus) 

2.  d'9 

44.2 

727 

1.64 

Maji  Moto;  Lake  Manyara, 
Africa 

92 

Caribou,    Barren  ground  (Rangifer 
arcticus  arcticus) 

2d-,  19 

112.0 

1862 

1.66 

Canada 

93 

Cattle,   calf  (Bos  taurus) 

Id' 

10.89' 

3021 

2.77' 

Kentucky 

94 

19 

98.4 

14II 

1.43 

Kentucky 

95 

Cow,   Aberdeen  Angus* 
Ayrshire* 
Guernsey* 
Holstein* 
Jersey* 

19 

719 

2654 

0.37 

Kentucky 

96 

449 

491 

3311 

0.67 

Kentucky 

97 

629 

450 

3143 

0.698 

Kentucky 

98 

2009 

574 

4336 

0.75 

Kentucky 

99 

2189 

413 

3057 

0.74 

Kentucky 

100 

Deer  (Odocoileus  chiriquensis) 
Indian  axis  (Cervas  axis) 
White-tailed  (Odocoileus  virginianus) 

19 

13.9 

520 

3.73 

Panama 

101 

Id' 

88.5 

1726 

1.95 

Zoo 

102 

Id' 

65.2 

1318 

2.02 

Zoo 

103 

Dik-dik  (Rhynchotragus  kirki) 

Id' 

4.97 

44.4 

0.97 

Maji  Moto,   Africa 

104 

Elk  (Cervus  canadensis) 

Id' 

13.61 

319 

2.34 

Zoo 

105 

Gazelle,    Thomson's  (Gazella  thomsoni) 

2d' 

24.37 

280 

1. 15 

Maji  Moto,   Africa 

106 

Giraffe  (Giraffa  camelopardalis 
tippelskischi) 

Id' 

1220 

12,060 

0.99 

Maji  Moto,   Africa 

/I/  Infant.     /3/  Preserved  weight.     /4/  Data  furnished  by  the  Bureau  of  Animal  Industry,    U.  S.  Dept.  of  Agriculture. 
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28.    LUNG  WEIGHT:    VERTEBRATES  (Continued) 

Part  1:    MAMMALS  (Concluded) 
Values,   unless  otherwise  indicated,   are  for  adult  weights,   on  a  fresh  basis,   and  are  g/lOOg  body  weight  deter- 
mined immediately  after  death  of  animal. 


Species 

No.  and 
Sex 

Body  Weight 
kg 

Lung  Weight 

Habitat 

g 

g/lOOg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Artiodactyles  (concluded) 


107 

Hartebeest,    Coke's  (Bublis  cokei  cokei) 

l<f 

134 

1850 

1.38 

Maji  Moto, 

Africa 

108 

Hippopotamus  (Hippopotamus  amphibius) 
Impala  (Acpyceros  melampus) 

1? 

543-i 

4910i 

0.903 

Maji  Moto, 

Africa 

109 

19 

1351 

11,340 

0.84 

Maji  Moto, 

Africa 

110 

4cC 

47.73 

650 

1.36 

Maji  Moto, 

Africa 

111 

Lamb  (Ovis  aries) 

4rf,7? 

33.9 

624.1 

1.8i 

Kentucky 

112 

Peccary,   collared  (Pecari  angulatus 
bangs!) 

Irf 

29 

279 

0.96 

Zoo 

113 

Reedbuck  (Redunca  redunca  tohi) 

2d' 

31.7 

462 

1.47 

Lake  Many 

ara,   Africa 

114 

Steinbok  (Raphicerus  carapestris 
neuraanni) 

Z<f 

8.62 

150 

1.74 

Maji  Moto, 

Africa 

115 

Swine  (Sus  scrofax) 

2d',  19 

8.98 

255.2 

2.84 

Kentucky 

116 

1? 

113.2 

609.7 

0.538 

Kentucky 

117 

Warthog  (Phacochoerus  aethiopicus) 

l<f 

65.3 

550 

0.84 

Maji  Moto, 

Africa 

118 

Wildbeast  (Gnutaurinus  albojubatus) 

2rf 

212 

2850 

1.34 

Maji  Moto, 

Africa 

Perissodactyles 

119 

Burro  (Equus  asinus) 

19 

150.7 

1260 

0.83 

Guatamala 

120 

Horse  (Equus  caballus) 
Arabian  stallion,    28  yr^ 
Percheron,    18  yr^ 
Polo  pony,    25  yr5 
Saddle-bred  gelding 
Shetland  pony 
Thoroughbred,    2-3  yr^ 

Colt,   yearling 

Foal,   4.3  da^ 

Fetus,    15.3  da  premature^ 
50.4  da  premature^ 

Stallion,    15.1  yr^ 

Z<f 

412 

5777 

1.40 

Ohio 

121 

Z.cf9 

703 

5510 

0.78 

jOhio 

122 

19 

380 

8616 

1.50 

Ohio 

123 

Zcf 

335-! 

3189'' 

0.95-: 

Kentucky 

124 

Id" 

272 

1871 

0.69 

Ohio 

125 

3d',  79 

421.2 

4123 

0.98 

Kentucky 

126 

9d-.  19 

319 

3043 

0.95 

Kentucky 

127 

18rf, 199 

53.38 

1390 

2.60 

Kentucky 

128 

15rf, 11? 

43.29 

1352 

3.12 

Kentucky 

129 

5d',  59 

26.88 

1135 

4.22 

Kentucky 

130 

bcT 

508 

5977 

1.17 

Kentucky 

131 

Mule,    Panama  (Equus  asinus) 

4,  ^9 

279.2 

4026 

1.44 

Panama 

132 

Id- 

42.64'' 

6282 

1.472 

Panama 

133 

19 

444.5 

5678 

1.28 

Kentucky 

134 

Rhinoceros  (Rhinoceros  bicornis) 

Itf 

764 

7350 

0.96 

Maji  Moto, 

Africa 

135 

Tapir  (Tapirella  bairdii) 

19 

58.1 

2068 

3.55 

Panama  Canal  Zone 

136 

Zebra  (Equus  quagga  granti),    embryo 
Fetus 
Infant 
6  wk 
Adult 

Id' 

7.9 

300 

3.79 

Maji  Moto, 

Africa 

137 

Id- 

29.5 

655 

2.22 

Zoo 

138 

19 

43.1 

740 

1.72 

Zoo 

139 

19 

56.6 

1025 

1.81 

Maji  Moto, 

Africa 

140 

Ztf 

255 

2025 

0.79 

Maji  Moto, 

Africa 

Proboscid 

eans,   Hyracoideans,   a 

nd  Sire 

mans 

141 

Elephant  (Loxodontaafricana 
knochenhaueri) 

Id' 

6654 

138,790 

2.08 

Maji  Moto, 

Africa 

142 

Hyrax  (Heterohyrax  brucci) 

Id' 

0.75 

5.53 

0.74 

Lake  Manyara,    Africa 

143 

Manatee  (Trichechus  manatus) 

2,  d'9 

496 

3395 

0.68 

Florida 

Cetaceans 

144 

Porpoise  (Phocaena  phocaena) 

Id- 

142.4 

5250 

3.69 

Florida 

145 

Whale,   white  (Oelphinapterus  leucas) 

4^,29 

375.1 

10.014 

2.67 

Churchill, 

Canada 

Insectivores 

146 

Mole  (Scalopus  aquaticus) 

Irf 

0.04 

0.74 

1.86 

Ohio 

147 

Shrew  (Blarina  breuicauda) 

29  d'.  399 

0.018 

0.39 

2.16 

Ohio 

Edentates 

148 

Anteater  (Tamanduas  tetractyla 
chiriquensis) 

2,  d'9 

3.69 

27 

0.73 

Panama 

149 

Armadillo  (Oasypusnovemcinctus 
fenestratus) 

10,  d'9 

3.4 

24 

0.70 

Panama 

150 

Sloth,  three-toed  (Bradypus  griseus 
griseua) 

4.  d'9 

2.0Z 

27.42 

1.37'' 

Panama 

Marsupials 

151 

Opossum  (Didelphis  marsupialis  etensis) 

|4,  d'9        1       1.15 

9.5 

1  0.83 

Panama 

IZl  Juvenile.     /3/  Preserved  weight.     /5/  Average. 
Contributor:    Quiring,    D.  P 
Reference:    Quiring, 


D.  P.,  "Functional  Anatomy  of  the  Vertebrates,"  New  York;    McGraw  Hill,    1950. 
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28.    LUNG  WEIGHT:    VERTEBRATES  (Continued) 


Values,    unless  otherwise  indicated, 
immediately  after  death  of  animal. 


Part  II: 
ire  for  adult  weight. 


BIRDS 
on  a  fresh  basi 


s,   and  are  g/lOOg  body  weight  determined 


......                                                1 

No.  and 
Sex 

Body  Weight 

Lung  Weight    | 

Habitat 

kg 

g 

g/lOOg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Blackbird  (Quiscalus  quiscula  aeneus) 

Id- 

0.082 

0.172 

0.21 

Ohio 

2 

Bustard,    greater  (Choriotis  kori,    struthiunculus) 
Lesser,  (Haliaoetus  bociter  bociter) 

2.rf5 

7.77 

85.24 

1.09 

Athi  Plain.   Africa 

3 

15 

1.10 

14.4 

1.30 

Maji  Moto.   Africa 

4 

Buzzard,    steppe  (Buteo  vulpinus  vulpinus) 
Turkey  (Cathartes  aura  septentrionalis) 

Id- 

0.56 

4.64 

0.83 

Maji  Moto.   Africa 

5 

Id' 

0.5 

14.7 

2.94 

Florida 

6 

Catbird  (Dumetella  carolinensis) 

1? 

0.033 

0.607 

1.84 

Ohio 

7 

Canary  (Serinus  canarius) 

\<f 

0.017 

0.25 

1.47 

Ohio 

8 

Crane,    crested  (Balearica  pavonina) 
Gray  (Grus  canadensis) 

2.d-9 

4.45 

44.13 

0.99 

Ohio 

9 

Irf 

1.65 

15.33 

0.93 

Florida 

10 

Crow  (Corvus  brachyrhynchos) 

Id' 

0.34 

9.97 

2.93 

Ohio 

11 

Dovekie  (Alle  alle) 

2.d'S 

0.103 

1.65 

1.61 

Florida 

12 

Duck  (Nyroca  affinis) 

Pintail  (Dafila  acuta  tzitzihoa) 

Id' 

1.041 

17.6 

1.69 

Ohio 

13 

19 

0.67 

17.1 

2.56 

Churchill.    Canada 

14 

Eagle,   fish  (Haliaetus  vocifer  vocifer) 
Tawney  (Aquila  rapax  rapax) 

1? 

3.5 

47.33 

1.35 

Maji  Moto,   Africa 

15 

l<f 

2.05 

25.1 

1.22 

Maji  Moto.   Africa 

16 

Egret,   great  white  (Casmerodius  albus 
melanorhynechos) 
Yellow-bill  (Mesophyox  intermedia 
brachyrhyneha) 

IS 

1.03 

33.10 

3.21 

Maji  Moto.   Africa 

17 

Id- 

0.525 

5.4 

1.02 

Maji  Moto.   Africa 

18 

Flamingo  (Phoeniconaias  minor) 

2.^.  39 

1.504 

22.33 

1.48 

Maji  Moto,  Africa 

19 

Fowl,    leghorn  (Gallus  gallus  domesticus) 
108  da  old 
136  da  old 
White  Orpington 

White  Wyandotte  bantam,    conventional! 
Germfreel 

45 

1.263 

10.5 

0.87 

Ohio 

20 

lOd'.  105 

0.49 

4.13 

0.84 

Ohio 

21 

8d',  16? 

0.674 

4.1 

0.6 

Ohio 

22 

Id' 

2.2 

13.17 

0.59 

Ohio 

23 
24 

2d',  55 
3d',  29 

0.72 
0.83 

3.09 
2.49 

0.43 
0.30 

Ohio 
Ohio 

25 

Goose,    Egyptian  (Alopochen  aegypticus) 

15 

1.94 

35.2 

1.80 

Lake  Manyara. 
Africa 

26 

Guinea  fowl  (Numida  meleagris) 

Id- 

1.62 

29.0 

1.79 

Maji  Moto.    Africa 

27 

Gull,    Bonaparte's  (Larus  Philadelphia) 
Ring-billed  (L.  delawarensis) 
Shearwater  (Puffinus  griseus) 

Id' 

0.2 

7.12 

3.56 

Churchill.    Canada 

28 

19 

0.72 

9.13 

1.27 

Florida 

29 

15 

0.27 

2.45 

0.91 

Florida 

30 

Hawk,    red-tailed  (Buteo  borealis)'' 
Sharp-shinned  (Accipiter  velox  velox) 
Sparrow  (Falce  sparverius  sparverius) 

15 

1.03 

9.3 

0.9 

Ohio 

31 

19 

0.52 

7.7 

1.48 

Ohio 

32 

Id- 

0.112 

1.5 

1.36 

Florida 

33 

Hornbill,    ground  (Bucorvus  cafer) 

Id' 

3.3 

52.3 

1.61 

Maji  Moto.   Africa 

34 

Hummingbird  (Amazilia  tzacatl  tzacatl) 

19 

0.005 

0.095 

1.9 

Guatemala 

35 

Loon,    red-throated  (Gavia  stellata) 

2rf,  19 

1.56 

22.5 

1.44 

Tavane,    Canada 

36 

Merganser,    red-breasted  (Mergus  serrator) 

19 

0.8 

18.2 

2.27 

Tavane,    Canada 

37 

Ostrich,    Masai  (Struthio  camelus  massaicus) 

Id- 

123 

2900 

2.36 

Maji  Moto,   Africa 

38 

Owl,   horned  (Bubo  virginianus  virginianus) 

Id' 

1.18 

10.7 

0.91 

Ohio 

39 

Pelican  (Pelecanus  occidentalis) 

29 

3.3 

29.8 

0.91 

Florida 

40 

Pigeon  (Columbia  livia) 

3d',  19 

0.26 

4.58 

1.76 

Ohio 

41 

Ptarmigan,    willow  (Lagopus  lagopus) 

3d'.  19 

0.54 

10.17 

1.88 

Churchill.    Canada 

42 

Robin  (Tardus  raigratorius  migratorius) 

2d' 

0.07 

1.68 

2.24 

Ohio 

43 

Scaup,    greater  (Nyroca  marila) 

19 

0.79 

18 

2.29 

Churchill.    Canada 

44 

Sparrow  (Passer  domesticus) 

75d',119 

0.0234 

0.3837 

1.64 

Ohio 

45 

Starling  (Sturnus  vulgaris) 

ISd-.  105 

0.0576 

1.08 

1.87 

Ohio 

46 

Stork,   Abdim  (Sphenorhynchus  abdini) 
European  (Ciconia  ciconia  ciconia) 

Hammerhead  (Scops  umbretta) 
Marabou  (Leptopilos  crumeniferous) 

Id' 

0.95 

10.63 

1.11 

Maji  Moto,   Africa 

47 

Id- 

3.35 

27.2 

0.81 

Maji  Moto,    Africa 

48 

25 

3.35 

42.3 

1.26 

Maji  Moto,   Africa 

49 

Id" 

0.32 

8.2 

2.57 

Maji  Moto.   Africa 

50 

2d' 

7.13 

72.2 

1.01 

Maji  Moto.   Africa 

51 

Teal,    green-winged  (Nettion  carolinensis) 

19 

0.3 

9.2 

3.07 

Churchill,    Canada 

HI  For  a  discussion  of  the  meaning  of  "germ-free."  consult  Reference  [2]  .     /2/  Juvenile. 

Contributors:    (a)  Quiring.    D.  P.,    (b)  Reyniers.    J.  A.,   and  Gordon,   H.  A. 

References:    [l]    Quiring,    D.  P.,    "Functional  Anatomy  of  the  Vertebrates,  "  New  York:     McGraw  Hill,    1950. 
[2]    Reyniers,   J.  A.,   and  Gordon.   H.  A.,   Lobund  Report  No.  3,    University  of  Notre  Dame. 
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28.    LUNG  WEIGHT:     VERTEBRATES  (Concluded) 
Part  III:     REPTILES 


Values,   unless  otherwise  indicated,   are  for  adult  weights, 
mined  immediately  after  death  of  animal. 


on  a  fresh  basis,   and  are  g/lOOg  body  weight  deter- 


No,  and 
Sex 

Body  Weight 

Lung 

Weight 

Habitat 

kg 

R 

g/lOOg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Alligator  (Alligator  mississippiensis) 

1? 

52.4 

393 

0.75 

Zoo 

2 

2cf 

189 

1014 

0.54 

Florida 

3 

Crocodile  (Crocodilus  americanus) 

Icf 

134 

1,125 

0.85 

Florida 

4 

Gila  monster  (Heloderma  suspeclum) 

19 

0.514 

6.45 

1.25 

Arizona 

5 

Lizard,   iguana  (Iguana  iguana) 
(Amblyrhynchus  cristatus) 

19 

1.34 

3.70 

0.276 

Guatemala 

6 

19 

4.19' 

64.4I 

1.5361 

Galapagos  Islands 

7 

Snake,   black  (Coluber  constrictor) 
Boa,   imperator  (Boa  imperator) 
Water  moccasin  (Agkistrodon  piscivorus) 

2,^9 

0.401 

3.79 

0.88 

Ohio 

8 

19 

1.829 

14.0 

0.76 

Guatemala 

9 

19 

0.728 

22.62 

3.12 

Florida 

10 

Turtle  (Aromochelys  tristycha) 

(Clemmys  guttata) 
(Chelydra  serpentina) 
(Malacoclymmys  lesueri) 
Green  (Chelonia  mydra) 
Cumberland  (Chrysemys  elegans) 
Snapping  (Macrochelys  lacertina) 

l<f 

0.116 

0.863 

0.741 

11 

29 

0.088 

0.954 

1.08 

12 

Id- 

2.163 

31.95 

1.48 

Ohio 

13 

19 

5.125 

85.07 

1.66 

Maji  Moto,   Africa 

14 

Icf 

0.254 

1.14 

0.449 

15 

l<f 

111.30 

2.650 

2.38 

Florida 

16 

ZW,  19 

0.852 

0.956 

0.112 

17 

Id- 

1.848 

34.9 

1.89 

Ohio 

/I/  Preserved  weight. 

Contributors:    (a)  Quiring.    D.  P.,   (b)  Latimer,   H.  B. 

References:    (l]    Quiring,    D.  P.,   "Functional  Anatomy  of  the  Vertebrates,  "  New  York:    McGraw  Hill,    1950. 
[2]    Latimer,    H.  B.,   Anat.  Record  J_8:35,    1920.    [3]    Latimer,   H.  B.,   ibid^:347,    1920. 

Part  IV:     AMPHIBIANS 

Values,   unless  otherwise  indicated,   are  for  adult  weights,   on  a  fresh  basis,   and  are  g/lOOg  body  weight  deter- 
mined immediately  after  death  of  animal. 


Species 

No.  and 
Sex 

Body  Weight 

Lung  Weight 

Habitat 

kg 

e 

g/lOOg 

(A) 

(B) 

(C) 

<D) 

(E) 

(F) 

1 

Frog,   bullfrog  (Rana  catesbiana) 
Leopard  (R.  pipiens) 

la 

0,429 

2.27 

0.53 

La.,   N.  Carolina 

2 

lOcf,  199 

0.037 

0.81 

2.19 

3 

20^ ,  1 05 

O.O275I 

0.86' 

3.1281 

4 

Toad,  horned  (Phrynosoma  cornutum) 

2d',  39 

0.025 

0.594 

2.48 

Arizona 

/I  /  Preserved  weight. 

Contributors:    (a)  Quiring,    D.  P.,   (b)  Latimer,    H.  B. 

References:    [l]    Quiring,    D.  P.,   "Functional  Anatomy  of  the  Vertebrates,  "  New  York:     McGraw  Hill,    1950. 
[2]    Latimer,    H.  B.,   Anat.  Record  18:35,    1920.    [3]    Latimer,    H.  B.,   ibid29:347,    1920. 
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Z9.    SUBDIVISIONS  OF  LUNG  VOLUME:     MAN 

Part  I:     DIAGRAM 

Volumes  corrected  to  BTPS  conditions  (cf  Page  1). 


Special  Divisions  for 
Pulmonary  Function  Tests 


Primary  Subdivisions 
of  Lung  Volume 


Reference:    Comroe,   J.  H.,   Jr.,   et  al,    Fed.  Proc.  9:602,    1950. 


Part  U:    STANDARDIZED  TERMS  VS  SOME  PREVIOUS  TERMS 


Standardized  Term 

Definition 

Previous  Term 

1 

Inspiratory  reserve  volume 

Maximal  volume  that  can  be  inspired 
from  end- tidal  inspiration. 

Complemental  air. 
Complementary  air. 
Complemental  air  minus  tidal  air. 
Inspiratory  capacity  minus  tidal  volume. 

2 

Tidal  volume 

Volume  of  gas  inspired  or  expired 
during  each  respiratory  cycle. 

Tidal  air. 

3 

Expiratory  reserve  volume 

Maximal  volume  that  can  be  expired 
from  resting  expiratory  level. 

Supplemental  air. 
Reserve  air. 

4 

Residual  volume 

Volume  of  gas  in  lungs  at  end  of 
maximal  expiration. 

Residual  air. 
Residual  capacity. 

5 

Inspiratory  capacity 

Maximal  volume  that  can  be  inspired 
from  resting  expiratory  level. 

Complemental  air. 
Complementary  air. 

6 

Functional  residual  capacity 

Volume  of  gas  in  lungs  at  resting 
expiratory  level. 

Functional  residual  air. 
Equilibrium  capacity. 
Mid-capacity. 
Normal  capacity. 

7 

Vital  capacity 

Maximal  volume  that  can  be  expired 
after  maximal  inspiration. 

Vital  capacity. 

8 

Total  lung  capacity 

Volume  of  gas  in  lungs  at  end  of 
maximal  inspiration. 

Total  lung  volume. 

Reference:    Comroe,   J.  H.,   Jr.,   "The  Lung,  "  Chicago:    The  Year  Book  Publishers,    1956. 
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30.     PREDICTION  FORMULAS  AND  SOME  NORMAL  VALUES  IN  PULMONARY  PHYSIOLOGY;     MAN 

Part  I:    LUNG  VOLUMES 


A  =  adults;  C  =  children;  BSA  =  body  surface  area.    Age  is 

in  years. 

Measurement 

Subject 

Formula 

Value 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

2 
3 
4 
5 
6 

Vital  capacity,   L 
L/sq  m  BSA 

C? 

A<f 
A9 
Ad- 
A? 

[27.63-(0.112xage)]x  ht  in  cm  xlO'^ 
[21.78-(0.101xage)Jx  ht  in  cm  xlO"^ 

(0.79-3.78)1.2,3 

(0.66-2.94)1.2.3 

(2.18-5.43)4.  5 

(1.57-4.15)4.  5 

2.56 

2.06 

1 
1 
2 
2 
3 
3 

7 

8 

9 

10 

Residual  volume,   ml 
L 

%  total  lung  capacity 

Ccf 

ca 

Ad's 

(11.1  X  ht  in  cm)  -  1,055 

(0.60-1.13)2,  5,7,8 
(0.26-1.75)2.5,9,  10 
(20-30.8)2,8 

4 

4 
5 
6 

11 
12 

13 

14 
15 
16 
17 

Total  lung  capacity.   L 

16-34  yr  d'? 
35-49  yr  d"? 

50-69  yr  d'? 

Ad- 

AS 
Ad- 
A? 

Vital  capacity  ^^QQ 

Vital  capacity  ^  ^^^ 

f  b.o 
Vital  capacity 

69.2 

(3.62-7.68)4.5,8 
(3.20-6.18)4.  5,  8 
5.49(2.31-7.24)4,5,  11 
4.32(3.20-5.31)4,  5,  11 

2 
2 

2 

6 
6 
7 

7 

18 

19 

Physiologic  dead  space,   cc 

Ad- 
AS 

156(106-219) 
104 

8 
8 

20 
21 
22 

Timed  vital  capacity, 
%  total  vital  capacity 
First  sec 
First  2  sec 
First  3  sec 

Ad's 
Arf? 
Ad's 

83(72-98) 

94(88-100) 

97(92-100) 

9,  10 
9,  10 
9,10 

III  Age  range  4-17  yr.     /2/  Increases  with  age.     /3/  Volume  uncorrected  (cf  Page  1);  body  position  not  stated. 
/4/  Decreases  with  age.     /5/  Volume  corrected  to  BTPS  (cf  Page  1);  body  position  supine.     /6/  Assuming  normal 
weight  range.     Ill  Age  range  10-17  yr.     /8/  Closed- circuit  oxygen  rebreathing  technique.     /9/  Age  range  6-17  yr. 
/lO/  Closed- circuit  hydrogen  rebreathing  technique,     /ll/  Closed- circuit  helium  rebreathing  technique. 

Contributor:    Gaensler,    E.  A. 

References:    (  l]    Stewart,    C.  A.,   Am.  J.  Dis.  Child.  24:451,    1922.    [2]    Baldwin,    E.    deF.,  Cournand,   A.,   and 
Richards,    D.  W.,    Jr.,    Medicine  27:243,    1948.    [3]     West,    H.  F.,    Arch.  Int.   M.  25:306,    1920.     [4]     Morse,    M., 
Schlutz,    F.  W.,   and  Cassels,    D.  E.,    J.  Clin.  Invest.  30:380,    1952.    [5]     Robinson,    S.,   Arbeitsphysiologie  ^0:251 , 
1938.    [6]    Kaltreider,   N.  L.,   Fray,    W.  W..   and  Hyde,   H.  V.,   Am.  Rev.  Tuberc.  37:662,    1938.    [7]    Whitfield,   A.  G. 
Waterhouse.   J.  A.,   and  Arnott.   W.  M.,    Brit.  J.  Social  M.  4:1,    1950.    [8]    Fowler.   W.  S.,   Am.  J.  Physiol.   154:405, 
1948.    [9l    Gaensler,    E.  A.,   Am.  Rev.  Tuberc.  64:256,    1951.    [10]    Gaensler,    E.  A.,   Science  1_14:444,    1951. 

Part  II:     BASAL  RESPIRATORY  FUNCTIONS 


A  =  adults;  C 

=  children;  BSA  =  body  surface  area;  MBC  = 

■  maximal  breathing  capacity. 

Measurement 

Subject 

Formula 

Value 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

Pulmonary  ventilation, 
L/min/sq  m  BSA 

Ad' 
AS 

3.5(2.6-4.9)1 
3.3(2.5-4.3)1 

1,2 
1,2 

3 

4 

O2  consumption, 
cc/rain/sq  m  BSA 

Ad- 
AS 

138(107-186)2 
127(105-150)2 

1,2 
1,2 

5 
6 
7 
8 

Basal  heat  production, 
Cal/hr/sq  m  BSA 

ACd'S 
CrfS 
Ad' 
AS 

O2  consumption  x  0.28953 

(40-52)2,4 
(37-41)2.4 
(34-38)2,4 

3 
3 
3 

3 

9 
10 

Ventilatory  equivalent, 
L/lOO  cc 

ACd'S 
Ad's 

Pulmonary  ventilation,  L        .. 
oxygen  uptake,   cc 

(2.2-2.6)5,6 

2,4.5 
2,4,5 

/I/  Usually  expressed  at  BTPS  (cf  Page  1).     HI  Usually  expressed  at  STPD  (cf  Page  1).     /3/  Assuming  a  non-pro- 
tein respiratory  quotient  of  0.82,   or  4.825  Cal/L  of  O2  consumed.    /4/   Decreases   with  age.    /5/  Increases  with  age. 
jbl  Decreases  during  exercise. 
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30.     PREDICTION  FORMULAS  AND  SOME  NORMAL  VALUES  IN  PULMONARY  PHYSIOLOGY:    MAN  (Concluded) 

Part  II:    BASAL  RESPIRATORY  FUNCTIONS  (Concluded) 


A  =  adults;  C 

=  children;  BSA  =  body  surface  area;  MBC 

=  maximal  breathing  capacity. 

Measurement 

Subject 

Formula 

Value 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

O2  removal,   cc/L 

ACrf5 

Arf 
A9 

Oxygen  uptake,   cc/min 

43(34-54)4.7 
45(37-62)4.7 

1    6 

1 1 

12 

13 

Pulmonary  ventilation.   L/min 

1.6 
1,6 

Breathing  reserve.   % 

Arf? 

MBC(L/min)  -  Pulmonary  ventilat 

ion(L/rain)^  lOO 

(88-95)4 

1   7 

14 

MBC  (L/min) 

15 

Right  lung.   %  totalB 

Arf? 

(51-63) 

8 

16 

Left  lung,   %  totals 

Atf? 

(38-49) 

8 

/4/  Decreases  with  age.     /7/  Increases  during  exercise.     /8/  Percentages  of  total  function  apply  to  oxygen  uptake 
and  ventilation  at  rest  and  during  exercise,   to  vital  capacity  and  residual  volume. 

Contributor:    Gaensler,    E.  A. 

References:    [  l]    Baldwin,    E.  deF.,    Cournand,   A.,   and  Richards.   D.  W.,  Jr.,    Medicine  27:243,    1948.    [2]   Matheson, 
H.  W..   and  Gray,   J.  S..   J.  Clin.  Invest.  29:688,    1950.    [3]    Aub,   J.  C,   and  DuBois,    E.  F.,   Arch.  Int.  M.  J^:823, 
1917.    [4]    Anthony.   A.  J..   Deut.  Arch.  klin.  Med.  [6^7:129.    1930.    [5]    Knipping,   H.  W.,   and  Moncrieff.   A.,   Quart. 


Deut. 
J.  M.  1^:17,    1932.    [6]    Robinson,   S. 
82:133,    1933.    [8]    Gaensler,    E.  A., 


Arbeitsphysiologie  1^:3,    1938.    [7]    Knipping,   H.  W.,    Beitr.  Klin.  Tuberk. 
et  al.   J.  Laborat.  Clin.  M.  39:417;  40:223,  558,    1952. 


Part  111:    EXERCISE  AND  MAXIMAL  VENTILATION;  INTRAPULMONARY  MIXING 
A  =  adults;  BSA  =  body  surface  area.    Age  is  in  years. 


Measurement 

Subject 

Formula 

Value 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 
3 

Maximal  breathing  capacity,   L/min' 

Acf 
Ad- 
A? 

[228  -(1.82  X  age)]    ±  17.6% 

[  86.5  -(0.522  X  age)]    x  BSA  in  sq  m 

[71.3  -(0.474  X  age)]    x  BSA  in  sq  m 

147(121-173)^'^ 

(58-169)3.4 

(47-118)3.4 

1 
1 
2 

4 

Standard  walking  ventilation, 
L/min  sq  m  BSAl 

Ad's 

(9-11)5 

3 

5 

Walking  dyspnea  index,   % 

Arf9 

Actual  walking  ventilation,  L/min     ^ 

100 

(8-20)5.6 

Maximal  breathing  capacity,   L/mln  " 

6 

Air  velocity  index 

Arf? 

%  of  predicted  maximal  breathing  capa 
%  of  predicted  vital  capacity 

city 

1.0(0.8-1.2)3 

5 

7 

Capacity  ratio 

Arf? 

Maximal  breathing  capacity,   L/min 

(28-35)3 

6  7 

Vital  capacity,  L 

8 
9 

Intrapulmonary  mixing. 
%  N2  in  alveolar  air 

Arf? 

<2.57 
(0.3-1.5)7 

8 
9 

in  Usually  expressed  at  BTPS  (cf  Page  1).     Ill  Obtained  by  open-circuit  technique.     /3/  Decreases  with  age. 
/4/  Obtained  by  closed- circuit  technique.    /5/  Standard  walk  on  level  at  180  ft/rain,   expired  air  collected  from 
second  to  fourth  minute.    /6/  Increases  with  age.     PI  After  O2  breathing,   at  rest  for  7  minutes. 

Contributor:    Gaensler,    E.  A. 

References:    [  l]    Wright,   G.  W.,   "Methods  in  Medical  Research.  "  2:212,   Chicago:    The  Year  Book  Publishers,   Inc 
1950.    [2]    Baldwin,    E.  deF.,   Cournand.   A.,   and  Richards,   D.  W.,   Jr.,    Medicine  27:243,    1948.    [3]    Patton,    W.  E., 
Watson,   T.  R.,   Jr.,   and  Gaensler,    E.  A.,   Surg.  Gyn.  Obst.  95:477,    1952.    [4]    Warring,    F.  C,   Jr.,   Am.  Rev. 
Tuberc.  51^:432,    1945.    [5]    Gaensler,    E.  A.,   ibid  62:17,    1950.    [6]    Gaubatz,    E..   Beitr.  Klin.  Tuberk.  91:201 ,    1938 
[7]    Matheson,   H.  W.,   Spies,    S.  N.,   Gray,   J.  S.,   and  Barnum.   D.  R.,   J.  CUn.  Invest.  29:682,    1950. 
A.,   Baldwin,    E.  deF.,   Darling,   R.  C.   and  Richards,   D.  W.,   Jr.,   J.  Clin.  Invest.  20:681,    1941.    [9] 
Frank,    N.  R.,    Patton,   W.  E.,   Devney,   R.  E. ,   and  Smith,   S.  S.,   unpublished. 


[  sT"  Cournand, 
Gaensler,    E.  A. 
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31.     VITAL  CAPACITY  VS  AGE:    CHILDREN  AND  ADOLESCENTS 

Ventilatory  values  have  been  corrected  to   BTPS  conditions   (cf   Page   1).    Values  in  parentheses  are  ranges.    Age 
ranges  conform  to  estimate  "c"  of  the  95%  range  (cf  Introduction).    Vital  capacity  ranges  of  Ferris  and  Shock 
conform  to  estimate  "b"  of  the  95%  range;  those  of  Morse  conform  to  estimate  "c." 


Age 

Vital  Capacity.   L^ 

yr 

Ferris^ 

Morse^ 

Shock 

(A) 

(B) 

(C) 

(D) 

Males 


1 

5.0-5.9 

1.29(0.83-1.75) 

0.54* 

2 

6.0-6.9 

1.65(1.27-2.03) 

0.92* 

3 

7.0-7.9 

1.93(1.45-2.41) 

1.58(1.17-2.00) 

4 

8.0-8.9 

2.16(1.34-2.98) 

1.384 

5 

9.0-9.9 

2.17(1.69-2.65) 

2.13(1.83-2.22) 

6 

10.0-10.9 

2.30)1.75-2.71) 

2.28(1.86-2.53) 

7 

11.0-11.9 

2.54(1.80-3.28) 

2.30(1.86-2.70) 

8 

12.0-12.9 

3.75(3.21-4.29) 

2.65(1.81-3.40) 

2.69(1.70-3.48) 

9 

13.0-13.9 

3.81(2.53-5.09) 

2.73(1.66-4.33) 

3.03(2.13-4.15) 

10 

14.0-14.9 

4.29(2.77-5.81) 

3.45(2.06-5.09) 

3.43(2.11-4.82) 

11 

15.0-15.9 

4.47(3.23-5.71) 

3.84(2.36-5.42) 

3.89(2.38-5.33) 

12 

16.0-16.9 

4.51(3.67-5.35) 

4.23(3.10-5.55) 

4.37(2.93-5.67) 

13 

17.0-17.9 

4.49(3.67-5.31) 

3.81(3.55-4.07) 

4.61(3.28-6.10) 

14 

18.0-18.5 

4.63(2.92-6.34) 

Females 

15 

5.0-5.9 

1.08(0.74-1.42) 

0.90"* 

16 

6.0-6.9 

1.45(1.07-1.83) 

1.38(1.13-1.56) 

17 

7.0-7.9 

1.51(1.19-1.83) 

1.56(1.31-1.81) 

18 

8.0-8.9 

1.87(1.23-2.51) 

1.51(1.17-1,90) 

19 

9.0-9.9 

2.04(1.38-2.70) 

1.91(1.70-2.30) 

20 

10.0-10.9 

2.29(1.81-2.77) 

2.40(2.16-2.78) 

21 

11.0-11.9 

2.57(1.71-3.43) 

2.13(1.63-2.67) 

22 

12.0-12.9 

3.03(2.17-3.89) 

2.58(1.83-3.10) 

2.58(1.84-3.42) 

23 

13.0-13.9 

3.49(2.13-4.85) 

3.00(2.29-4.06) 

2.96(2.26-3.71) 

24 

14.0-14.9 

3.40(2.42-4.38) 

3.05(2.66-3.59) 

3.10(2.42-3.72) 

25 

15.0-15.9 

3.66(2.83-4.44) 

3.02(2.50-3.26) 

3.16(2.59-3.84) 

26 

16.0-16.9 

3.63(2.91-4.35) 

2.664 

3.26(2.63-3.99) 

27 

17.0-17.9 

4.00(3.16-4.84) 

3.27(2.64-3.96) 

/I/  Maximal  volume  of  gas  expelled  from  the  lungs  by  forceful  effort,  following  a  maximal  inspiration.    Ill  Subjects 
seated;  body  surface  area  obtained  from   DuBois  nomogram;  Benedict-Roth  type  spirometer  (Collins  ventilometer). 
HI  All  measurements  made  in  recumbent  position;   Sanborn  closed-circuit  wet  spirometer.    /4/  From  single 
determination. 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,    (b)  Morrow,    P.  E.,    (c)  Morse,    M.,   (d)  Shock,    N.  W.,    (e)  Whittenberger,   J.  L. 


References:  [  l]  Ferris,  B.  G. ,  Jr.,  Whittenberger,  J.  L.,  and  Gallagher,  J. 
12]  Ferris,  B.  G.,  Jr.,  and  Smith,  C.  W.,  ibid  12:341,  1953.  [3]  Morse,  M. 
J.  Clin.  Invest.  31^:380,  1952.  1 4]  Morse,  M.,  Univ.  of  Chicago,  unpublished. 
Gerontology  Branch.    National  Institutes  of  Health,   unpublished. 


R..    Pediatrics.    Springf,  9:659.    1952. 

Schlutz.    F.   *.,   and  Cassels,    D.  E., 

[5]    Shock,    N.  W.,   and  Norris,   A.  H., 
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32.    VITAL  CAPACITY  VS  STANDING  HEIGHT:     CHILDREN  AND  ADOLESCENTS 

Ventilatory  values  of  Stewart  conform  to  ATPS  conditions.    All  other  ventilatory  values  are  corrected  to  BTPS  con- 
ditions (cf  Page  1).    Values  in  parentheses  are  ranges;  in  data  of  Morse  they  conform  to  estimate  "c"  of  the  95% 
range  (cf  Introduction);  in  data  of  Ferris,   Shock,  and  Stewart,   they  conform  to  estimate  "b,"  unless  otherwise 
indicated. 


Males 


Height 

Vital  Capacity,    Ll 

cm 

Ferris'' 

Morse^ 

Shock 

Stewart* 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

100.0-104.9 

0.545 

0.79(0. 50-0. 90)C 

2 

105.0-109.9 

1.06(0.79-1.34) 

3 

110.0-114.9 

1.46(0.82-2.10) 

0.925 

1.19(0.90-1.49) 

4 

115.0-119.9 

1.46(0.82-2.10) 

1.34(1.04-1.64) 

5 

120.0-124.9 

1.64(1.32-1.96) 

1.27(1.17-1.38) 

1.50(1.1    -1.85) 

6 

125.0-129.9 

1.79(1.43-2.15) 

1.835 

1.67(1.29-2.06) 

7 

130.0-134.9 

2.05(1.63-2.47) 

1.85(1.49-2.22) 

8 

135.0-139.9 

2.27(1.37-3.17) 

1.99(1.81-2.11) 

2.03(1.58-2.48) 

9 

140.0-144.9 

2.41(1.59-3.23) 

2.22(1.66-2.58) 

2.32(1.92-2.72) 

2.22(1.72-2.72) 

10 

145.0-149.9 

2.38(1.76-3.00) 

2.40(1.86-3.39) 

2.53(2.20-2.86) 

2.42(1.88-2.97) 

11 

150.0-154.9 

2.69(1.79-3.59) 

2.57(1.89-3.17) 

2.80(2.10-3.50) 

2.66(2.14-3.18) 

12 

155.0-159.9 

3.52(2.64-4.40) 

2.82(2.15-3.40) 

2.95(2.40-3.50) 

2.93(2.23-3.63) 

13 

160.0-164.9 

3.72(2.78-4.66) 

3.22(2.49-3.67) 

3.22(2.53-3.91) 

3.24(2.51-3.97) 

14 

165.0-169.9 

4.07(3.19-4.95) 

3.65(3.00-4.07) 

3.54(2.81-4.27) 

3.55(2.74-4.36) 

15 

170,0-174.9 

4.47(3.39-5.55) 

3.97(3.45-4.72) 

3.85(3.11-4.59) 

3.99(2.75-4.40)C 

16 

175.0-179.9 

4.82(3.74-5.90) 

4.30(3.80-4.76) 

4.25(3.45-5.05) 

4.02 

17 

180.0-184.9 

5.24(4.26-6.22) 

5.07(4.74-5.42) 

4.72(3.62-5.82) 

4.17 

18 

185.0-189.9 

4.99(4.19-5.79) 

19 

190.0-194.9 

5.77(5.57-5.96)'^ 

Females 

20 

100.0-104.9 

0.95(0.40-1.45) 

0.88 

21 

105.0-109.9 

1.00(0.80-1.20) 

0.85(0.60-1.20) 

22 

110.0-114.9 

1.12(0.78-1.46) 

1.14(0.85-1.42) 

23 

115.0-119.9 

1.37(0.99-1.75) 

1.01(0.89-1.13) 

1.28(0.98-1.58) 

24 

120.0-124.9 

1.70(1.00-2.40) 

1.435 

1.41(1.13-1.70) 

25 

125.0-129.9 

1.70(1.26-2.14) 

1.44(1.31-1.81) 

1.56(1.22-1.90) 

26 

130.0-134.9 

1.97(1.31-2.63) 

2.01(1.95-2.06) 

1.71(1.34-2.07) 

27 

135.0-139.9 

2.19(1.66-2.72) 

1.84(1.65-2.14) 

2.26(2.15-2.36)C 

1.87(1.47-2.26) 

28 

140.0-144.9 

2.32(1.68-2.96) 

1.84(1.63-2.30) 

2.24(2.05-2.42)C 

2.04(1.59-2.49) 

29 

145.0-149.9 

2.53(1.87-3.19) 

2.37(2.16-2.78) 

2.47(1.97-2.97) 

2.23(1.73-2.73) 

30 

150.0-154.9 

2.94(2.34-3.154) 

2.37(2.16-2.67) 

2.77(2.15-3.39) 

2.44(1.83-3.05) 

31 

155.0-159.9 

3.28(2.44-4.12) 

2.70(2.22-3.04) 

2.81(2.29-3.33) 

2.65(2.00-3.29) 

32 

160.0-164.9 

3.57(2.75-4.39) 

3.12(2.60-4.06) 

2.98(2.41-3.55) 

2.83(2.18-3.48) 

33 

165.0-169.9 

3.85(2.97-4.73) 

2.99(2.66-3.59) 

3.24(2.45-4.03) 

2.98 

34 

170.0-174.9 

3.91(2.39-4.43) 

3.23(2.72-3.72) 

3.22(2.84-3.60) 

3.10 

35 

175.0-179.9 

3.50(2.95-4.05) 

/I/  The  maximal  volume  of  gas  expelled  from  the  lungs  by  forceful  effort,   following  maximal  inspiration.     Ill  Sub- 
jects seated;  Benedict-Roth  type  spirometer  (Collins  ventilometer),   with  soda  lime  container  and  valves  removed. 
/3/  All  measurements  made  in  recumbent  position;  Sanborn  closed- circuit  wet  spirometer.     /4/  Position  not  stated; 
wet  spirometer.     /5/  From  single  determination. 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,    (b)  Morrow,    P.  E.,    (c)  Morse,    M.,    (d)  Shock,    N.  W.,    (e)    Whittenberger, 
J.  L. 

References:    [  l]    Ferris,    B.  G.,   Jr.,    Whittenberger,   J.  L.,   and  Gallagher,   J.  R.,    Pediatrics,    Springf.  9:659,    1952. 
l2]    Ferris,    E.G.,   Jr.,   and  Smith.   C.  W.,   ibidj^:341,    1953.    [3]    Morse,    M.,    Schlutz,    F.  W.,   and  Cassels.   D.  E., 
J.  Clin.  Invest.  31^:380,    1952.    [4]    Morse,    M.,    Univ.  of  Chicago,    unpublished.    [  5]    Shock,   N.  W.,   and  Norris,   A.  H., 
Gerontology  Branch,    National  Institutes  of  Health,    unpublished.    [6]    Stewart,   C.  A.,   Am.  J.  Dis.  Child.  24:451,  1922. 
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33.    VITAL  CAPACITY  VS  WEIGHT:    CHILDREN  AND  ADOLESCENTS 

Ventilatory  values  of  Stewart  conform  to  ATPS  conditions.      All  other  ventilatory  values  are  corrected  to  BTPS 
conditions  (cf  Page  1).      Values  in  parentheses  are  ranges;   in  data  of  Morse  they  conform  to  estimate  "c"  of  the  95% 
range  (cf  Introduction);   in  data  of  Ferris.   Shock,   and  Stewart,   they  conform  to  estimate   "b,  "   unless  otherwise 
indicated. 


Males 


Weight 

Vital  Capacity' 

kg 

FerrisZ 

Morse^ 

Shock 

Stewart* 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

15.0-19.9 

0.73(0.54-0.92) 

(0.99-1.20) 

2 

20.0-24.9 

1.53(0.89-2.17) 

1.27(1.17-1.38) 

(1.32-1.46) 

3 

25.0-29.9 

1.72(1.28-2.16) 

2.05(1.83-2.45) 

(1.61-1.77) 

4 

30.0-34.9 

2.10(1.70-2.50) 

2.27(1.81-2.58) 

2.24(1.94-2.54) 

(1.91-2.05) 

5 

35.0-39.9 

2.31(1.45-3.17) 

2.44(1.66-3.04) 

2.60(2.29-2.91) 

(2.18-2.31) 

6 

40.0-44.9 

2.66(1.92-3.40) 

2.70(1.89-3.40) 

2.86(2.35-3.37) 

(2.44-2.70) 

7 

45.0-49.9 

3.26(2.20-4.32) 

2.95(2.00-3.95) 

3.08(2.39-3.77) 

(2.84-2.99) 

8 

50.0-54.9 

3.85(2.91-4.79) 

3.25(2.27-3.80) 

3.55(2.68-4.42) 

(3.14-3.30) 

9 

55.0-59.9 

4.14(3.08-5.20) 

3.90(3.14-4.72) 

3.95(3.04-4.86) 

(3.44-3.57) 

10 

60.0-64.9 

4.34(2.95-5.73) 

4.15(2.66-4.15) 

4.32(3.13-5.51) 

(3.68-3.79) 

11 

65.0-69.9 

4.14(2.82-5.46) 

4.38(3.87-5.42) 

4.50(3.20-5.50) 

(3.93-4.18) 

12 

70.0-74.9 

4.86(3.94-5.78) 

4.39(4.01-4.83) 

5.11(3.14-7.08) 

13 

75.0-79.9 

4.87(3.37-6.37) 

4.67(3.39-5.55) 

4.52(3.02-6.02) 

14 

80.0-84.9 

4.52(3.96-5.08) 

3.50 

Females 

15 

15.0-19.9 

1.04(0.60-1.48) 

1.01(0.89-1.13) 

(0.93-1.01) 

16 

20.0-24.9 

1.40(0.91-1.89) 

1.39(1.17-1.56) 

(1.24-1.39) 

17 

25.0-29.9 

1.75(1.23-2.27) 

1.69(1.31-1.95) 

(1.53-1.65) 

18 

30.0-34.9 

1.98(1.35-2.61) 

1.95(1.34-2.40) 

2.22(1.95-2.49) 

(1.80-1.92) 

19 

35.0-39.9 

2.37(1.64-3.10) 

2.33(1.69-3.26) 

2.55(2.07-3.03) 

(2.03-2.21) 

20 

40.0-44.9 

2.63(1.69-3.57) 

2.26(1.63-2.93) 

2.73(2.18-3.28) 

(2.27-2.52) 

21 

45.0-49.9 

3.02(2.18-3.86) 

2.81(2.22-3.10) 

2.92(2.41-3.43) 

(2.62-2.72) 

22 

50.0-54.9 

3.24(2.24-4.24) 

2.77(1.83-3.59) 

3.04(2.47-3.61) 

(2.63-2.80) 

23 

55.0-59.9 

3.53(2.39-4.67) 

2.98(2.29-4.06) 

3.16(2.49-3.83) 

(2.90-3.04) 

24 

60.0-64.9 

3.65(2.93-4.37) 

2.785 

3.20(2.59-3.81) 

3.05 

25 

65.0-69.9 

3.55(1.57-5.53) 

3.48(2.96-4.00) 

(2.73-3.00) 

26 

70.0-74.9 

4.13(3.41-4.85)            ] 

3.49(3.26-3.72) 

3.36(2.65-4.07) 

3.39 

27 

75.0-79.9 

3.90 

3.18(2.75-3.61)C 

2.90 

28 

80.0-84.9 

2.90 

29 

85.0-89.9 

2.90 

/I/  The  maximal  volume  of  gas  expelled  from  the  lungs  by  forceful  effort,   following  maximal  inspiration.     /2/  Sub- 
jects seated;  Benedict- Roth  type  spirometer  (Collins  ventilometer)  with  the  soda  lime  container  and  valves  removed. 
HI  AH  measurements  made  in  recumbent  position;  Sanborn  closed- circuit  wet  spirometer.     /4/  Position  not  stated; 
wet  spirometer.     /5/  From  single  determination. 

Contributors:     (a)  Ferris,    B.  G.,   Jr.,    (b)  Morrow,    P.  E.,    (c)  Morse,    M..    (d)  Shock,   N.   W. ,    (e)  Whittenberger,   J.  L. 

References:    [1]    Ferris,    B.  G.,   Jr.,    Whittenberger,   J.  L.,   and  Gallagher,   J.  R.,    Pediatrics,   Springf.  9:659,    1952. 
12]    Ferris,    B.  G..   Jr..   and  Smith.    C.  W.,   ibid  1^:341,    1953.    [3]    Morse,    M.,    Schlutz.    F.  W.,   and  Cassels,    D.  E., 
J.  Clin.  Invest.  31^:380,    1952.    [4]    Morse.    M.,    Univ.  of  Chicago,    unpublished.    [5]    Shock,    N.  W.,   and  Norris,  A.  H., 
Gerontology  Branch,    National  Institutes  of  Health,    unpublished.    (  6]    Stewart,   C.  A.,    Am.  J.  Dis.  Child.  24:451,  1922. 
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34.     VITAL  CAPACITY  VS  SURFACE  AREA:    CHILDREN  AND  ADOLESCENTS 

Ventilatory  values  are  corrected  to  BTPS  conditions  (ct  Page  1).    Values  in  parentheses  are  ranges  and  conform  to 
estimate  "b"  of  the  95%  range  in  data  of  Ferris  and  to  estimate  "c"  in  data  of  Morse  (of  Introduction). 


Body  Surface  Area 

Vital  Capacity,    L' 

sq  m 

Ferris'! 

Morse-* 

(A) 

(B) 

(C) 

Males 


1 

0.70-0.89 

1.52(0.84-2.20) 

1.15(0.92-1.38) 

2 

0.90-0.99 

1.63(1.33-1.93) 

1.834 

3 

1.00-1.09 

1.99(1.47-2.51) 

2.12(1.86-2.45) 

4 

1.10-1.19 

2.10(1.74-2.46) 

2.22(1.66-2.58) 

5 

1.20-1.29 

2.47(1.63-3.31) 

2.41(1.86-2.97) 

6 

1.30-1.39 

2.57(1.75-3.39) 

2.57(1.89-3.38) 

7 

1.40-1.49 

3.36(2.68-4.04) 

3.01(2.15-3.95) 

8 

1.50-1.59 

3.53(2.31-4.75) 

3.33(2.88-3.75) 

9 

1.60-1.69 

4.08(3.10-5.06) 

3.71(2.66-4.72) 

10 

1.70-1.79 

4.32(3.40-5.24) 

4.12(3.32-4.76) 

11 

1.80-1.89 

4.85(3.71-5.99) 

4.48(3.87-5.29) 

12 

1.90-1.99 

4.88(3.68-6.08) 

5.11(4.83-5.42) 

13 

2.00-2.09 

5.39(4.61-6.17) 

4.78(4.01-5.55) 

Females 

14 

0.60-0.79 

1.12(0.72-1.52) 

0.894 

15 

0.80-0.89 

1.38(0.86-2.90) 

1.38(1.13-1.56) 

16 

0.90-0.99 

1.64(1.06-2.22) 

1.31(1.17-1.45) 

17 

1.00-1.09 

1.84(1.32-2.36) 

1.80(1.73-2.06) 

18 

1.10-1.19 

2.21(1.66-2.76) 

2.00(1.70-2.25) 

19 

1.20-1.29 

2.39(1.79-2.99) 

2.11(1.63-2.56) 

20 

1.30-1.39 

2.76(2.02-3.50) 

2.25(2.16-2.34) 

21 

1.40-1.49 

3.08(2.00-4.16) 

2.65(1.83-3.26) 

22 

1.50-1.59 

3.29(2.39-4.19) 

2.87(2.29-4.06) 

23 

1.60-1.69 

3.69(2.95-4.43) 

3.18(2.72-3.59) 

24 

1.70-1.79 

4.00(3.16-4.84) 

25 

1.80-1.89 

4.20(3.72-4.68) 

3.49(3.26-3.72) 

III  Maximal  volume  of  gas  expelled  from  lungs  by  forceful  effort,   following  maximal  inspiration.     /2/  Subjects 
seated;  body  surface  area  obtained  from  DuBois  nomogram;  Benedict- Roth  type  spirometer  (Collins  ventilometer). 
in  All  measurements  made  in  recumbent  position;  Sanborn  closed-circuit  wet  spirometer.     /4/  From  single 
determination. 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,    (b)  Morrow,    P.  E.,   (c)  Morse,    M.,   (d)  Whittenberger,   J.  L. 

References:    [  l]    Ferris,    B.  G.,   Jr.,   Whittenberger,   J.  L.,   and  Gallagher,   J.  R.,    Pediatrics,   Springf.  9:659,    1952. 
[Z]    Ferris,    B.  G.,   and  Smith,   C.  W.,    Pediatrics,    Springf.  12:341,    1953.    [3]    Morse,    M.,   Schlutz,    F.  W.,   and 
Cassels,   D.  E.,   J.  Clin.  Invest.  M^: 3 80,    1952.    [4]    Morse,    M.,   Univ.  of  Chicago,   unpublished. 
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35.    VITAL  CAPACITY  VS  STANDING  HEIGHT:    CHILDREN  AND  ADOLESCENTS 
Data  of  Kelly  and  Stewart  conform  to  ATPS  conditions.    All  other  data  have  been  corrected  to  BTPS  conditions  (cf 
Page    1). 

Part  1:     MALES 
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Contributors:    (a)  Morse,    M.,    (b)  Shock,    N.  W. 

References:    (l)    Astrand,    P.-O.,    "Experimental  Studies  of  Physical  Working  Capacity  in  Relation  to  Sex  and  Age," 
Copenhagen:     Ejnar  Munksgaard,    1952.    [2]    Kelly.   H.  G.,   "Studies  in  Child  Welfare."  7;No.  5,    Univ.  of  Iowa  Press. 
1933.    [3]    Ferris.    B.  G.,   Jr.,    Whittenberger,   J.  L.,   and  Gallagher,   J.  R.,    Pediatrics  9:659.    1952.    [4]    Morse,    M. 
Schlutz,    F.  W.,   and  Cassels,    D.  E.,   J.  Clin.  Invest.  31^:380,    1952.    [5]    Robinson,   S.,   Arbeitsphysiologie   |0;251, 
1938.    (6]    Stewart,   C.  A.,   Am.  J.  Dis.  Child.  24:451,    1922.    (7]    Abernethy,   E.  M.,    "Child  Development,"  J^:No.  7, 
Nat.  Res.  Council,    Wash.,    D.  C,    1936.    [8]    Turner,   J.  A.,    McLean,    R.  L.,    Pediatrics  7: 360,    1951.    [9]    Wilson. 
M.  G.,    Edward,    D.  J..    Am.  J.  Dis.  Child.  22:443,    1921.    [10)    Metheny,    E.,    "Studies  in  Child  Welfare,"  j8;No.  2, 
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35.    VITAL  CAPACITY  VS  STANDING  HEIGHT:    CHILDREN  AND  ADOLESCENTS  (Concluded) 
Data  of  Kelly  and  Stewart  conform  to  ATPS  conditions.    All  other  data  have  been  corrected  to  BTPS  conditions  (cf 


Page   1). 


Part  II:     FEMALES 
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Contributors:     (a)  Morse,    M.,   (b)  Shock,   N.  W. 
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Copenhagen:     Ejnar  Munksgaard,    1952.    I  2]    Kelly,   H.  G.,   "Studies  in  Child  Welfare,"  7:No.  5.   Univ.  of  Iowa  Press, 
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38.  LUNG 
Ventilatory  values  have  been  corrected  to  BTPS  conditions  (cf  Page  1).  Data  of  Morse,  Robinson,  and  Kaltreider 
are  ranges  and,  except  for  data  of  Shock,  conform  to  estimate  "e"  of  the  95%  range  (cf  Introduction).    Data  of  Shock 


Age 

Height 
cm 

Weight 
kg 

Surface  Area 
sq  m 

Inspiratory 
Capacity' 

Expiratory 

Reserve 

Volume^ 

L 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Males                                                                                                                   1 

1 

6.0(5.8-6.5) 

115(107-126) 

20.1(17.6-29.0) 

0.81(0.72-0.97) 

0.99 

0.27(0.12-0.41) 

2 

9.6(9.5-9.7) 

139.2(127.1-148.4) 

34.3(25.7-41.6) 

1.15(0.95-1.31) 

1.70(1.42-1.86) 

0.39(0.36-0.41) 

3 

10.5(10.0-10.9) 

145.4(138.7-153.4) 

38.4(29.9-47.4) 

1.25(1.09-1.39) 

1.82(1.44-2.05) 

0.46(0.42-0.52) 

4 

10.8(8.2-12.6) 

139(131-149) 

32.3(25.3-39.0) 

1.12(0.98-1.39) 

1.70 

0.50(0.27-0.86) 

5 

11.5(11.2-11.9) 

145.7(137.8-162.5) 

35.3(28.8-50.7) 

1.20(1.07-1.49) 

1.77(1.49-2.07) 

0.53(0.33-0.76) 

6 

12.5(12.0-12.9) 

151.7(136.0-161.9) 

42.6(32.0-77.3) 

1.34(1.11-1.71) 

2.13(1.55-2.87) 

0.52(0.26-0.84) 

7 

13.4(13.0-13.9) 

155.6(140.4-171.7) 

45.9(33.9-71.6) 

1.41(1.15-1.84) 

2.17(1.32-3.69) 

0.56(0.32-1.05) 

8 

14(13-15) 

165(156-177) 

55.8(41.7-67.4) 

1.62(1.39-1.83) 

2.89 

0.82(0.49-1.28) 

9 

14.5(14.0-14.9) 

163.8(143.4-183.7) 

53.2(34.7-101.1) 

1.57(1.18-2.11) 

2.72(1.56-4.12) 

0.72(0.48-1.08) 

10 

15.4(15.0-15.9) 

170.5(151.7-185.4) 

55.5(39.0-68.3) 

1.64(1.30-1.90) 

3.05(1.83-4.52) 

0.80(0.52-1.16) 

11 

16.3(16.0-16.7) 

173.9(156.4-190.0) 

61.7(51.8-75.7) 

1.74(1.57-2.02) 

3.34(2.52-4.34) 

0.85(0.55-1.25) 

12 

17.5(16.0-19.0) 

179(163-190) 

70.3(55.1-88.0) 

1.91(1.58-2.15) 

3.77 

1.18(0.89-1.54) 

13 

22.9(16.3-29.5) 

176.2(166.0-186.4) 

72.5(50.1-94.9) 

1.88(1.52-2.20) 

3.79(2.75-4.83) 

0.98(0.46-1.50) 

14 

24(20-29) 

177(170-188) 

72.9(63.4-84.4) 

1.89(1.71-2.11) 

3.86 

1.39(0.96-1.83) 

15 

25.5(13.5-37.5) 

173.8(156.6-191.0) 

66.0(49.4-82.6) 

1.79(1.46-2.11) 

16 

26(24-29) 

174.3(164.7-183.9) 

77.5(39.1-115.9) 

1.92(1.53-2.31) 

3.42(1.95-4.89) 

0.91(0.50-1.32) 

17 

27(17-37) 

18 

33.9(4.7-63.1) 

169.4(163.2-175.6) 

62.1(19.9-104.3) 

1.72(1.02-2.18) 

2.99(1.65-4.33) 

0.98(0.36-1.29) 

19 

34(30-39) 

176.6(166.2-187.0) 

74.2(52.4-96.0) 

1.90(1.65-2.15) 

3.19(1.58-4.79) 

0.85(0.14-1.56) 

20 

35(31-38) 

175(169-185) 

77.5(60.7-85.2) 

1.93(1.69-2.09) 

3.78 

0.98(0.37-1.87) 

21 

42.7(34.5-50.9) 

171.7(157.8-185.6) 

64.9(42.5-87.3) 

1.78(1.38-2.10) 

22 

44(40-48) 

177(163-183) 

75.6(63.5-86.2) 

1.93(1.68-2.09) 

3.59 

0.69(0.23-2.20) 

23 

44(41-48) 

173.2(162.8-183.6) 

67.8(45.3-90.3) 

1.81(1.57-2.05) 

2.52(1.16-3.87) 

0.82(0.23-1.40) 

24 

48.2(35.4-61.0) 

170.5(156.1-184.7) 

70.8(46.6-95.0) 

1.82(1.40-2.18) 

3.37(2.23-4.51) 

0.69(0.07-1.31) 

25 

51(48-55) 

172(156-180) 

68.6(62.6-81.7) 

1.82(1.60-2.01) 

3.33 

0.83(0.00-1.61) 

26 

53(47-62) 

27 

54(50-59) 

171.3(158.4-184.2) 

63.0(46.2-79.8) 

1.74(1.49-1.99) 

2.53(1.33-3.73) 

0.63(0.16-1.10) 

28 

54.3 

2.89(1.25-4.53) 

1.39(0.23-2.55) 

29 

58.0(33.2-82.8) 

168.7(148.5-188.9) 

63.6(38.8-88.4) 

1.72(1.28-2.14) 

2.47(1.59-3.35) 

0.84(0.12-1.56) 

30 

59.6(48.8-70.4) 

169.6(153.0-186.2) 

66.3(49.1-83.5) 

1.78(1.43-2.09) 

31 

61.5(47.9-75.1) 

169.0(159.4-178.6) 

65.9(41.1-90.7) 

1.77(1.38-2.08) 

2.61(1.39-3.83) 

1.01(0.23-1.79) 

32 

62(59-66) 

173(166-180) 

68.9(54.3-79.0) 

1.83(1.58-1.99) 

3.37 

0.68(0.38-1.19) 

33 

64(60-68) 

167.8(158.6-177.0) 

63.5(44.9-82.1) 

1.72(1.48-1.96) 

2.21(0.93-3.48) 

0.48(0.00-1.01) 

34 

73(70-77) 

166.9(154.9-178.9) 

63.2(36.7-89.7) 

1.71(1.36-2.06) 

1.90(1.09-2.71) 

0.37(0.00-0.75) 

35 

77(71-91) 

171(164-184) 

66.9(57.6-75.6) 

1.78(1.58-1.98) 

2.73 

0.47(0.18-0.87) 

36 

83(80-87) 

163.9(147.8-180.0) 

59.7(39.9-79.5) 

1.65(1.34-1.96) 

1.82(0.83-2.82) 

0.45(0.00-1.09) 

Females                                                                                                        1 

37 

7.1(6.4-7.9) 

126(121-129) 

25.2(21.2-31.5) 

0.94(0.88-1.05) 

1.20(1.04-1.41) 

0.28(0.21-0.40) 

38 

8.2(8.0-8.4) 

133(127-145) 

29.5(23.2-37.4) 

1.04(0.91-1.23) 

1.24(1.01-1.54) 

0.27(0.17-0.36) 

39 

9.6(9.0-9.9) 

139(135-142) 

34.6(26.0-44.9) 

1.15(1.01-1.30) 

1.53(1.30-1.95) 

0.38(0.21-0.52) 

40 

10.2(10.1-10.6) 

148(146-150) 

46.7(36.6-63.2) 

1.37(1.23-1.58) 

1.95(1.81-2.15) 

0.45(0.35-0.63) 

41 

11.6(11.1-11.9) 

149(132-167) 

37.2(27.7-46.6) 

1.25(1.06-1.44) 

1.71(1.36-1.92) 

0.44(0.27-0.68) 

42 

12.6(12.2-12.9) 

156(137-172) 

45.3(31.6-54.0) 

1.41(1.10-1.62) 

2.05(1.55-2.51) 

0.53(0.28-0.66) 

43 

13.3(13.0-13.7) 

160(148-169) 

51.2(39.2-59.0) 

1.51(1.40-1.60) 

2.45(1.94-3.27) 

0.55(0.34-0.79) 

44 

14.5(14.3-14.8) 

165(162-169) 

52.4(49.6-54.3) 

1.57(1.52-1.60) 

2.42(2.06-2.80) 

0.63(0.50-0.79) 

45 

15.4(15.1-15.8) 

166(160-172) 

63.7(53.2-74.4) 

1.70(1.54-1.85) 

2.43(1.93-2.87) 

0.59(0.42-0.85) 

46 

21.5(18.0-23.7) 

165.8(148.8-176.5) 

62.0(42.4-88.4) 

1.68(1.34-1.98) 

2.69(1.50-3.85) 

0.63(0.33-1.17) 

47 

23.1(16.3-29.9) 

163.4(155.0-171.8) 

57.2(38.4-76.0) 

1.62(1.34-1.87) 

2.42(1.70-3.14) 

0.73(0.35-1.11) 

48 

25.1(12.7-37.5) 

161.8(149.4-174.2) 

59.2(37.0-81.4) 

49 

25.2(24.3-28.5) 

165.7(158.4-173.2) 

58.9(47.6-70.4) 

1.65(1.53-1.81) 

2.62(1.92-3.31) 

0.64(0.36-0.88) 

50 

33(30-37) 

164.2(152.2-175.0) 

60.5(50.2-79.5) 

1.64(1.47-1.96) 

2.72(2.06-3.35) 

0.69(0.50-0.84) 

51 

43.3(36.1-50.5) 

164.0(150.4-177.6) 

62.6(32.0-93.2) 

1.68(1.22-2.10) 

52 

48.4(21.6-75.2) 

163.6(153.4-173.8) 

61.9(45.9-77.9) 

1.67(1.41-1.89) 

2.38(1.56-3.20) 

0.59(0.00-1.19) 

53 

59.8(41.8-77.8) 

158.4(145.0-171.8) 

67.2(45.2-89.2) 

1.68(1.35-1.98) 

54 

60.9 

1.96(1.06-2.86) 

0.44(0.00-0.94) 

/I  /  Inspiratory  capacity  =  maximal  volume  of  air  that  can  be  taken  into  the  lungs  beyond  the  normal  expiratory  level, 
expiration.     Ill  Vital  capacity  =  inspiratory  capacity  +  expiratory  reserve  volume.    /4/  Residual  volume  =  volume  of 
residual  capacity.     /6/  Functional  residual  capacity  =  volume  of  air  left  in  lungs  after  normal  expiration. 
Contributors:    (a)  Galdston,    M.,   (b)  Morrow,    P.  E..   (c)  Morse,    M..   (d)  Shock,   N.  W. 

References:    [l)    Robinson,   S.,   Arbeitsphysiologie   10:251,    1938.    (2)    Morse,    M.,   Univ.  of  Chicago,   unpublished. 
and  Hyde.    H.,   Am.    Rev.    Tuberc.    37:622,    1938.    [  5PBaldwin,   E.   de   F.,    Cournand.   A.,   and   Richards,   D.  W.,  Jr., 
1956.    [7]    Bates,    D.    V.,   and   Christie,   R.  V.,    Clin.    Sc.  9:17,    1950.    [8)    Whitfield.   A.   G..   Waterhouse,   J.   A.,   and 
llO]    Galdston,    M.,    Wolfe,    W.    B.,   and   Steele,  J.    M..   J.    Appl.    Physiol.    5:17.    1952.     [U]    Greifenstein,   F.    E., 
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VOLUMES:     MAN 

were  obtained  using  closed-circuit  wet  spirometer  method  (modification  of  Christie  method).    Values  in  parentheses 

conform  to  estimate  "b." 


Functional 

Vital 

Capacity^ 

L 

Residual 

Volume^ 

L 

Total  Lung 
Capacity^ 

L 

Residual 

Capacity'> 

L 

Reference 

(G) 

(H) 

(I) 

(J) 

(K) 

Males 

1.26(0.92-1.67) 

0.39(0.26-0.58) 

1.65(1.35-2.06) 

0.66(0.5-0.95) 

1 

1 

2.09(1.83-2.22) 

0.46(0.41-0.51) 

2.48(2.24-2.73) 

0.84(0.82-0.84) 

2 

2 

2.28(1.86-2.53) 

0.62(0.34-0.82) 

2.95(2.39-3.36) 

1.09(0.76-1.34) 

3 

3 

2.20(1.97-2.74) 

0.57(0.45-0.95) 

2.78(2.43-3.69) 

1.07(0.80-1.48) 

1 

4 

2.30(1.86-2.70) 

0.60(3.60-0.86) 

2.92(2.49-3.56) 

1.11(0.88-1.62) 

3 

5 

2.65(1.81-3.40) 

0.56(0.29-0.88) 

3.19(2.63-4.14) 

1.11(0.80-1.58) 

3 

6 

2.73(1.66-4.33) 

0.64(0.29-1.06) 

3.27(2.17-4.59) 

1.20(0.68-1.87) 

3 

7 

3.71(2.93-b.07) 

0.95(0.70-1.52) 

4.67(3.63-6.15) 

1.77(1.23-2.46) 

1 

8 

3.45(2.06-5.09) 

0.85(0.56-1.52) 

4.36(2.88-6.54) 

1.59(1.10-2.46) 

3 

9 

3.84(2.36-5.42) 

0.97(0.59-1.30) 

4.97(3.86-6.66) 

1.80(1.28-2.41) 

3 

10 

4.19(3.10-5.55) 

0.98(0.61-1.29) 

5.13(3.79-6.36) 

1.80(1.27-2.25) 

3 

11 

4.95(4.12-5.98) 

1.30(0.97-1.75) 

6.25(5.23-7.58) 

2.48(2.05-3.14) 

1 

12 

4.78(3.60-5.96) 

1.19(0.49-1.89) 

5.97(4.35-7.59) 

2.18(1.18-3.18) 

4 

13 

5.25(4.20-6.03) 

1.66(0.84-2.94) 

6.81(5.04-8.37) 

3.05(1.91-4.45) 

1 

14 

4.01(2.77-5.25) 

5 

15 

4.31(2.66-5.96) 

1.28(0.57-1.99) 

5.59(3.69-7.49) 

2.19(1.25-3.13) 

6 

16 

3.15(2.39-4.60) 

7 

17 

3.98(2.02-5.94) 

1.46(0.44-2.48) 

5.43(3.95-6.91) 

2.44(1.10-3.78) 

8 

18 

4.03(2.17-5.89) 

1.45(0.66-2.24) 

5.43(3.14-7.73) 

2.29(1.00-3.59) 

6 

19 

4.76(3.83-6.49) 

1.60(1.27-2.12) 

6.36(5.30-8.48) 

2.57(1.84-3.92) 

1 

20 

4.16(3.20-5.12) 

5 

21 

4.28(3.76-5.16) 

1.48(0.66-2.24) 

5.77(4.42-7.05) 

2.17(1.27-2.97) 

1 

22 

3.36(1.81-4.91) 

1.64(0.68-2.60) 

4.97(3.36-6.59) 

2.46(1.59-3.32) 

6 

23 

4.07(2.83-5.31) 

1.30(0.48-2.12) 

5.37(3.69-7.05) 

2.00(1.00-3.00) 

4 

24 

4.16(3.60-5.52) 

1.81(1.00-2.38) 

6.31(5.33-7.90) 

2.61(1.63-3.46) 

1 

25 

3.16(2.16-3.91) 

7 

26 

3.17(1.89-4.44) 

2.22(0.84-3.59) 

5.39(3.97-6.80) 

2.80(1.32-4.38) 

6 

27 

4.26(2.38-6.14) 

6.80(4.42-9.18) 

3.90(2.54-5.26) 

9 

28 

3.31(2.11-4.51) 

1.78(1.02-2.54) 

5.09(3.57-6.61) 

2.62(1.42-3.82) 

10 

29 

3.42(1.76-5.08) 

5 

30 

3.48(2.52-4.44) 

2.43(1.43-3.43) 

5.92(4.78-7.06) 

3.44(1.96-4.92) 

11 

31 

4.05(3.45-5.04) 

1.72(1.43-2.39) 

5.77(4.34-6.73) 

2.39(1.81-2.82) 

1 

32 

2.69(1.18-4.20) 

1.87(0.67-3.07) 

4.57(3.08-6.06) 

2.38(1.38-3.38) 

6 

33 

2.28(1.35-3.20) 

2.34(1.16-3.52) 

4.62(3.05-6.18) 

2.73(1.39-4.06) 

6 

34 

3.20(2.61-3.40) 

1.92(1.71-2.52) 

5.12(4.33-7.01) 

2.73(1.89-3.39) 

1 

35 

2.27(0.78-3.75) 

2.21(1.01-3.41) 

4.47(2.20-6.75) 

2.65(1.05-4.25) 

6 

36 

Females 

1.53(1.31-1.81) 

0.44(0.23-0.61) 

1.95(1.71-2.27) 

0.75(0.62-0.86) 

2 

37 

1.51(1.17-1.90) 

0.50(0.30-0.67) 

1.91(1.64-2.22) 

0.77(0.51-0.94) 

2 

38 

1.91(1.70-2.30) 

0.60(0.21-0.75) 

2.55(2.16-2.97) 

0.96(0.73-1.14) 

2 

39 

2.40(2.16-2.78) 

0.72(0.66-0.79) 

2.93(2.82-3.05) 

1.08(1.01-1,15) 

2 

40 

2.15(1.63-2.67) 

0.66(0.25-1.16) 

2.81(2.25-3.84) 

1.11(0.80-1.84) 

2 

41 

2.58(1.83-3.10) 

0,75(0.48-1.28) 

3.38(2.39-4.36) 

1.28(0.84-1,87) 

2 

42 

3.00(2.29-4.06) 

0.90(0,29-1.48) 

3.92(2.57-4.84) 

1.45(0.63-2.12) 

2 

43 

3.05(2.66-3.59) 

0.71(0.57-1.04) 

3.76(3.26-4.63) 

1.34(1.14-1.83) 

2 

44 

3.02(2.50-3.72) 

1.31(0,98-1.77) 

4.09(3.58-5.02) 

1.80(1.48-2.19) 

2 

45 

3.32(1.88-4.74) 

1.03(0.66-1.39) 

4.16(3.16-5.60) 

1.67(1.14-2.17) 

2 

46 

3.14(2.32-3.96) 

1.10(0.50-1.70) 

4.24(3.10-5.38) 

1.82(1.04-2.60) 

4 

47 

3.06(1.96-4.16) 

5 

48 

3.25(2.27-4.13) 

1.19(0.73-1.62) 

4.44(3.89-5.40) 

1.83(1.49-2.09) 

2 

49 

3.41(2.58-4.20) 

1.21(0.98-1.51) 

4.74(3.56-5.71) 

1.93(1.50-2.36) 

2 

50 

2.83(2.03-3.63) 

5 

51 

2.98(1.72-4.24) 

1.40(0.64-2.16) 

4.38(2.82-5.94) 

2.00(0.84-3.16) 

10 

52 

2.43(1.37-3.49) 

5 

53 

2.34(1.44-3.24) 

1.78(0.98-2.58) 

4.14(2.78-5.50) 

2.22(1.16-3.28) 

11 

54 

/2/  Expiratory  reserv 
air  left  in  lungs  after 


e  volume  =  mcixiraal 
reserve  volume  has 


volume  of  air  that  can  be 
been  expelled.    /5/  Total 


voluntarily  expelled  from  the  lungs  after  a  normal 
lung  capacity  =  inspiratory  capacity  +  functional 


[3]    Morse,    M.,    Schlutz,    F.  W,,   and  Cassels,    D.  E,.   J.  Clin.  Invest.  31^:380,  1952.    [4]   Kaltreider.  N.,  Fray,  W.  W. 
Medicine  27:243,    1948.   [  6]   Norris,   A.  H.,  Shock,  N.  W.,  Landowne,  M.,  and  Falzone,  J.  A..  Jr.,   J.  Geront.  JJ:379, 
Arnott,    W.  M.,   Brit,  J.  Social  M.  4:113,    1950.    [9]    Gilson,  J.  C,   and  Hugh-Jones.    P.,   Clin.  Sc.  7:185,    1948. 
King,   R.  M.,    Latch,    S,  S.,   and  Comroe,   J.  H.,   Jr.,   ibid  4:641,    1952. 
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39.  EFFECT  OF  POSTURAL  CHANGE  OF  LUNG  VOLUMES:  MAN 

Values  for  supine  and  sitting  positions  are  expressed  as  per  cent  of  total  lung  capacity.    The  tidal  volume  is 
variable  and  can  be  assumed  to  be  10-15%.    Values  are  for  adult  males  less  than  30  years  of  age,   and  for  healthy 
females  18-34  years. 


.     J  Ms 

lie 

Female 

Variation  with 
Change  of  Posture^ 

% 

Characteristic 

Supine 
% 

Sitting 
% 

Supine 

% 

Sitting 
% 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Residual  volume 

21.8 

23. 9I 

25.9 

28.21 

-20.9 

B,  l,2,a;C,3-9,a; 
D,  l,a;E,3-5,a; 
F,  1, 10, a 

2 

Expiratory  reserve 
volume 

18.5 

27.9' 

17.0 

-42.5 

C.7,8.a:B,  1.2, a; 
F.  1.  10.  ll.a;D.l.a 

3 

Inspiratory  capacity^ 

59.7 

48.2'' 

57.1 

11.2 

B,  l,2,a;F,  1,10, a: 
D.  l.a 

4 

Vital  capacity 

78.2 

76.1'^ 

74.1 

71.8 

-4.8 

B,  l,2,a;D,  l,a; 
F.  1.  10-14 

5 

Total  capacity 

100.0 

100. o"* 

100.0 

100.0 

-9.8 

B,l,2,a;D,l,a; 
F, 1. 10 

/I/  Mean  of  averages.     IZI  Mean  values.     /3/  Tidal  volume  +  inspiratory  reserve  volume.     /4/  Computed. 

Contributor:    (a)  Rahn,    H. 

References:    [l]    Kaltreider.   N.  L.,    Fray,   W.  W.,   and  Hyde,   H.  W.,   Am.  Rev.  TuheTC.  Yhb^Z,    1938. 

[2]    Robinson,   S.,   Arbeitsphysiologie  J£;251 ,    1938.    [3]    Lundsgaard,   C,   and  Van  Slyke,    D..   J.  Exp.  M.  27:65, 

1918.    [4]    Lundsgaard,   C,   and  Schierbeck,   K.,   Acta  med.  scand.  ^8:    541,    1923.    [5]    Binger,   C.  A.,   J.  Exp.  M. 

38:445,    1923.    [6]    Anthony,   A.  J.,    Deut.  Arch.  klin.  Med.  J_67: 1 29,    1930.    [7]    Rotta,    A.,    and  Guerrero,    F.,    Ann. 

Fac.  cienc.  med.  29:     ,    1936.    [8]    Rahn,    H.,    Fenn,   W.  O.,   and  Otis,    A.  B.,   J.  Appl.  Physiol.  J^:725,    1949. 

[9]    Dejours,   P.,   and  Rahn,   H.,   ibid  5:445,    1953.    (10]    Hurtado,   A.,   and  Fray,   W.  W.,   J.  Clin.  Invest.  r2:825, 

1933.    [11]    Osher,   W.  J.,   Am.  J.  Physiol.  2ii:352,    1950.    [12]    Bahnson,   H.  T.,   J.  Appl.  Physiol.  5:445,    1953. 

[13]    Dow,   P.,   ibid  127:793,    1939.    [  14]    Christie,   C,   and  Beams,   A.  J.,   Arch.  Int.  M.  2£:34,    1922. 

40.     EFFECT  OF  PREGNANCY  ON  LUNG  VOLUMES  AND  OTHER  VENTILATORY  VARIABLES:     MAN 
Ranges  in  parentheses  are  estimate  "b"  of  the  95%  range  (cf  Introduction). 


Variable 

Pregnancy,    Lunar  Month 

Postpartum, 
Month 

Method 

IV 

V 

VI 

VII 

VIII 

IX 

X 

1 

VI 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

Respiratory  rate. 

breaths/min 

16 

15 

16 

16 

16 

16 

16(12-20) 

17 

15(11-19) 

Spirometer. 

2 

Tidal  volume ,    L 

0.56 

0.59 

0.61 

0.61 

0.65 

0.70 

0.7(0.4-1.0) 

0.55 

0.5(0.2-0.8) 

Spirometer. 

3 

Minute  volume. 

L/min 

8.7 

9.1 

10.0 

9.7 

10.3 

11.0 

10.3(7.3-13.6) 

9.5 

7.3(4.3-10.3) 

Spirometer. 

4 

Ventilatory  equiv- 
alent,   ml  air/ 
ml  O2 

3.3 

3.5 

3.6 

3.5 

3.6 

3.7 

3.3(1.3-5.3) 

3.4 

3.0(1.0-5.0) 

Minute  volume /O^  con- 
sumption. 

5 

Maximal  breathing 

capacity,    L/min 

97 

99 

97 

96 

97 

97 

96(74-118) 

92 

102(80-124) 

Douglas  bag. 

6 

Total  lung 
capacity,    L 

4.2 

4.2 

4.2 

4.1 

4.3 

4.1 

4.1(3.5-4.7) 

4.1 

4.2(3.6-4.8) 

Residual  volume  +  vital 
capacity. 

7 

Vital  capacity,    L 

3.2 

3.2 

3.2 

3.2 

3.3 

3.3 

3.3(2.9-3.7) 

3.1 

3.3(2.8-3.8) 

Spirometer. 

8 

Inspiratory 

capacity,    L 

2.6 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7(2.3-3.1) 

2.5 

2.6(2.2-3.0) 

Spirometer. 

9 

Expiratory  reserve 

volume,    L 

0.65 

0.65 

0.65 

0.61 

0.63 

0.56 

0.55(0.3-0.8) 

0.56 

0.65(0.4-0.9) 

Spirometer. 

10 

Functional  reserve 

capacity,    L 

1.6 

1.6 

1.6 

1.5 

1.5 

1.4 

1.3(1.0-1.6) 

1.5 

1.6(1.3-1.9) 

Open- circuit  method. 

11 

Residual 
volume,    L 

1.0 

1.0 

1.0 

0.9 

0.9 

0.8 

0.8(0.6-1.0) 

1.0 

1.0(0.8-1.2) 

Functional  residual 
capacity-expiratory 
reserve. 

Contributors:    (a)  Assali,   N.  S.,   (b)  Jensen,   A.,   (c)  Larks,   S. 

Reference:    Adapted  from  Cugell,    D.  W.,   et  al.   Am.  Rev.  Tuberc.  67:568,    1953. 
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41.    RESPIRATORY  RATE,    TIDAL  AND  MINUTE  VOLUMES:     VERTEBRATES 
Values,   unless  otherwise  specified,   are  for  the  resting  state. 


Animal 

Body 

Weight 

kg 

Condition 

Respiratory 

Rate 
breaths/min 

Tidal  Volume! 
ml 

Minute  Volume 
L/min 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Mammals 

1 
2 

Man,    d' 

68.5 

Resting 
Light  work 
Heavy  work 

11.7(10.1-13.1) 
17.1(15.7-18.2) 
21.2(18.6-23.3) 

750(575-895) 

1673(1510-1770) 

2030(1900-2110) 

7.43(5.8-10.3) 

28.6(27.3-30.9) 

42.9(39.3-45.2) 

1 

4 
5 
6 

9 

54 

Resting 
Light  work 
Heavy  work 

11.7(10.4-13.0) 

19.0 

30.0(25.0-35.3) 

339(285-393) 
860(836-885) 
880(490-1270) 

4.5(4.0-5.1) 

16.3(15.9-16.8) 

24.5(17.3-31.8) 

1 

7 

Beaver  (Castor  canadensis) 

18 

16 

2 

8 

Cat  (Felis  catus) 

2.45 

26 

12.4 

0.322 

3 

9 

in 

Cow  (Bos  taurus) 
Hereford,   heifer 

144 

Lying 

Standing 

34 

32 

1400 

1500 

46 
49 

4 

11 
12 

Holstein,  heifer 

164 

Lying 
Standing 

35 
31 

1700 
2000 

59 

61 

;4 

13 
14 

Guernsey,   full-grown 

410 

Lying 
Standing 

30 
29 

3100 
3700 

93 
107 

4 

15 
16 

Hereford,  full-grown 

422 

Lying 
Standing 

30 
29 

3400 
3800 

102 
109 

4 

17 
18 

Holstein,  full-grown 

514 

Lying 
Standing 

30 
27 

3400 
4200 

104 
114 

4 

19 

?n 

Jersey,    full-grown 

403 

Lying 
Standing 

30 
27 

2700 
3400 

82 
92 

4 

21 
22 
23 
24 

Dog  (Canis  familiaris)^ 

30.5 
28.6 
19.1 

16.4 

16(11-18) 
17(11-21) 
22(13-37) 
13(12-16) 

432 
302 
251 
296 

6.1(5.1-7.4) 
5.3(4.9-5.4) 
5.5(4.5-6.4) 
4.1(3.3-4.9) 

.b 

25 

Guinea  pig  (Cavia  cobaya) 

0.471 

90(69-104) 

1.8(1.0-3.9) 

0.16(0.09-0.38) 

5 

26 

Hamster  (Mesocricetus 
auratus) 

0.091 

74(33-127) 

0.8(0.42-1.2) 

0.05(0.025-0.083) 

5 

27 

Horse  (Equus  cabanus)^ 

696 

11.9(10.6-13.6) 

9060(8520-9680) 

107 

6 

28 

Manatee,    Florida 

(Trichechus  latirostris) 

250 

7(6-8) 

7000(5000-9000) 

45(35-60) 

7 

29 
30 

Marmot  (Marmota 
marmota) 

2.13 

Awake* 
Hiber- 
nating^ 

8.0 
0.68 

22 
13(11.3-14.8) 

0.174 
0.0089 

8 

31 

Monkey  (Macaca  rhesus) 

2.68 

40(31-52) 

21(9.8-29) 

0.86(0.31-1.41) 

5 

32 

Mouse  (Mus  musculus) 

0.0198 

163(84-230) 

0.15(0.09-0.23) 

0.023(0.011-0.036) 

5 

33 

Porpoise  (Tursiops 

truncatus)^ 

170 

1.1(0.9-1.3) 

9000(8000-10,000) 

9.7(9.0-10.4) 

9 

34 

Rabbit  (Lepus  cuniculus) 

2.07 

0.8(0.27-1.2) 

5 

35 
36 

Rabbit,  pigmented 
White 

69 
53 

21 
19 

1.45 
1.02 

10 
11 

37 
38 

Rat,   cotton  (Sigmodon 
hispidus) 
White  (Rattus  norvegicus] 

0.77 
0.112 

94.5(75-115) 
85.5(66-114) 

0.35(0.24-0.70) 
0.86(0.60-1.25) 

0.04(0.023-0.071) 
0.074(0.05-0.102) 

5 
5 

39 

Seal  (Phoca  vitulina)' 

27.5(15-30) 

9(6-12) 

3.97 

12 

40 

Sheep,    Dorset  ewe 

63 

19 

310 

5.7 

5 

41 
42 

Sloth  (Choleopus  hoffmani) 
(Bradypus  griseus) 

4.5 
3.1 

13 
6.2(4.5-8.0) 

0.844(0.78-0.96) 
0.485(0.33-0.73) 

13 

43 

Swine  (Sus  scrofa),   d" 

225 

37 

6 

Birds 

44 

Canary 

108(96-120) 

14 

45 

46 

Chicken,  <f 

? 

17(12-21) 
28.5(20-37) 

45 

14 

III  Air  inspired  or  expired  in  one  respiration.     Ill  Measurements  made  after  30-rain  rest  in  hammock,   at  240C; 
values  corrected  to  BTPS  conditions.     /3/  Percheron  gelding.     /4/   Rectal  temperature  =  37.80C.     /5/  Rectal  temper- 
ature =  5-60C.     /6/  Captive  animal.     /7/  Cheyne- Stokes  respiration. 
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41.    RESPIRATORY  RATE,   TIDAL  AND  MINUTE  VOLUMES:    VERTEBRATES  (Concluded) 
Values,   unless  otherwise  specified,   are  for  the  resting  state. 


Animal 

Body 
Weight 

Condition 

Respiratory 
Rate 

breaths/min 

Tidal  Volume! 
ml 

Minute  Volume 
L/min 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Birds  (Concluded) 

47 
48 

Duck,   rf 

9 

42 

no 

36.5(35-38)8 

14 

49 
50 

Goose,  rf 

9 

20 
40 

14 

51 

Pigeon 

27.5(25-30) 

4.8(4.5-5.2)9 

14 

52 

Turkey 

13.410 

14 

Reptile 

53 

Turtle  (Malaclemys 
centrata)!! 

(0.65-0.72) 

3.7 

14 

0.051 

15 

III  Air  inspired  or  expired  in  one  respiration.    /8/  Standing;  supine,    30.     /9/  Standing;  supine,   4.7. 
reported,    ^"28,   9  49.     III!  Diamondback  terrapin;  periodic  cycles  at  (24-29)°C. 


/lO/  Also 


Contributors:    (a)  Stroud,   R.,   and  Forster,    R.  E.,    (b)  Hemingway,   A.,    (c)  Elisberg,    E.  I.,    (d)  McCutcheon,    F.  H. 

References:    [  l]    Taylor,   C,   Am.  J.  Physiol.  125:27,    1941.    [2]    Irving,    L.,   and  Orr,    N.  D.,    Science  82:569,    1935. 
[3]    Wang,    S.  C,   and  Niras,    L.  F.,   J.  Pharm.  Exp.  Ther.  92:187,    1948.    [4]    Hall,    W.  C,   and  Brody,   S.,    Missouri 
Agr.  Exp.  Sta.  Res.  Bull.  _[80: 1 1 ,    1933.    [5]    Guyton,   A.  C. ,   Am.  J.  Physiol.   150:70,    1947.    [6]    Brody.   S.,   "Bio- 
energetics  and  Growth,"  New  York:  Reinhold,    1945.    [7]    Scholander,    P.  F.,   J.  Cellul.  Physiol.  r7:l69.    1941. 
[8)    Endres,   G.,   and  Taylor,   H.,    Proc.  Roy.  Soc,    Lond.  1^:231,    1930.    [9]    Irving,   L.,   Scholander,    P.  F.,   and 
Grinnell,   S.  W.,   J.  Cellul.  Physiol.   ITjA'i'i,    1941.    [10]    Hurtado,   A.,   and  Buller,    C,   J.  Clin.  Invest.   12:793,    1933. 
[11]    Smith,    R.  M.,    "Physiology  of  Domestic  Animals."  Philadelphia:  Davis,    1889.    [12]    Irving,    L.,    Solandt,    O.  M., 
Solandt.   D.  Y.,   and  Fisher.   K.  C,   J.  Cellul.  Physiol.  7:137,    1936.    [13]    Irving,    L.,    Scholander,    P.  F.,   and 
Grinnell,    S.  W.,   ibid  20:189,    1942.    [14]  Sturkie,    P.  D.,   "Avian  Physiology,"  New  York:  Comstock,    1954. 
[15]    McCutcheon,    F.  H.,    Physiol.  Zool.  J^: 255,    1943. 

42.    RESPIRATORY  RATE,    TIDAL  AND  MINUTE  VOLUMES:    INFANTS 


Data  are  from  individual  resting  infants  as  measured  by  body  plethysmograph. 
"c"  of  the  95%  range  (cf  Introduction). 


Ranges,  in  parentheses,  are  estimate 


Age 

Weight 

Respiratory   Rate 

Minute  Volume 

Tidal  Volume, 

Mean 

da 

kg 

breaths/min 

cc/min 

cc 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

0.2 

3.12 

19.0(14-21) 

349(313-375) 

18.4 

2 

0.3 

3.52 

22.7(20-25) 

539(501-585) 

23.7 

3 

0.5 

3.57 

26.0(23-30) 

542(444-598) 

20.8 

4 

0.5 

3.83 

31.0(29-34) 

651(591-696) 

21.0 

5 

0.51 

3.74 

28.3(25-33) 

557(479-646) 

19.8 

6 

Average 

3.6 

25.4 

527.6 

20.7 

7 

6 

3.91 

26.6(18-33) 

754(646-813) 

28.3 

8 

6 

3.18 

28.8(25-36) 

535(479-563) 

18.5 

9 

6 

3.66 

29.1(22-33) 

466(438-485) 

16.0 

10 

7 

5.0 

28.9(20-34) 

795(708-855) 

27.5 

11 

7» 

3.74 

28.4(25-32) 

526(480-563) 

18.5 

12 

7 

3.06 

36.0(32-40) 

598(543-668) 

16.6 

13 

7 

3.29 

22.4(22-24) 

384(354-459) 

17.1 

14 

Average 

3.69 

28.6 

579.7 

20.5 

ill  Lines  5  and  11  are  for  the  same  infant. 

Contributor:    Smith,   C.  A. 

Reference:    Cross,   K.  W.,    J.  Physiol.,    Lond.  109:459,    1949. 
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43.    TIDAL  AND  MINUTE  VOLUMES:     MAN 


Values  in  parenth 

?ses  are  ranges. 

Letter  supers 

cript  identifies  type 

of  range  (cf  Introduction). 

Age 
yr 

Sex 



Position 

Tidal 

Volumel 

ral 

Minute 

Volume^ 

L/min 

Method 

Gaseous  IRefer- 
Conditions^  ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Infant,  premature"* 

<rs 

Supine 

11.5{6.1-17)d 

0.396(0. 160-0. 646)c 

Plethysmograph 

Amb 

1 

2 

d-S 

Supine 

13. 3(8.4-17. 3)c 

0.430(0.281-0.581)0 

Plethysmograph 

ATPS 

2 

3 

cf5 

Supine 

12. 3(4. 5-17. 2)c 

0.698(0.304-1.225)0 

Plethysmograph 

ATPS 

3 

4 

Newborn,  full- term'* 

d-? 

Supine 

16. 5(6. 9-26. 8)C 

0.731(0. 413-1. 1?)<= 

Pneumograph 

ATPS 

4 

5 

rf? 

Supine 

27. 0(9. 7-53. l)c 

1.08(0.354-2.01)0 

Plethysmograph 

Amb 

5 

6 

rf? 

Supine 

19. 8(9. 7-30. 5)C 

0.851(0. 225-1. 83)d 

Plethysmograph 

Arab 

6 

7 

d-? 

Prone 

I6.7(10-27)d 

0.721(0.433-1.41)0 

Plethysmograph 

BTPS 

7 

8 

d-s 

Supine 

16.8 

(13.3-21.8)c 

0.642(0.365-0.894)0 

Plethys  mograph 

ATPS 

2 

9 

d-s 

Supine 

21.5(15-32)d 

0.59(0. 35-0. 83)d 

Plethysmograph 

BTPS 

8 

10 

5.7-14 

<*■? 

Upright 

388(195- 581)b 

Spirometer 

BTPS 

9 

11 

11.7-12.2 

a 

Supine 

305(185-425)b 

4.79(3. 74-5.84)b 

Spirometer 

STPD 

10 

12 

S 

Supine 

289(189-389)b 

4.54(3.07-6.01)b 

Spirometer 

STPD 

10 

13 

13.7-14.2 

a 

Supine 

316(196-436)b 

5.27(3.80-6.74)b 

Spirometer 

STPD 

10 

14 

? 

Supine 

315(235-395)b 

4.86(3.60-6. 12)b 

Spirometer 

STPD 

10 

15 

15.7-16.2 

<i 

Supine 

344(1  84- 504)b 

5.13(3.45-6.81)b 

Spirometer 

STPD 

10 

16 

$ 

Supine 

282(l62-402)b 

4.21(2. 53-5. 89)b 

Spirometer 

STPD 

10 

17 

18-27 

a 

Supine 

372(192-552)b 

5.04(2.94-7. 14)b 

Spirometer 

STPD 

10 

18 

9 

Supine 

319(139-499)'^ 

4.45(2. 14-6. 76)b 

Spirometer 

STPD 

10 

19 

27-43 

d- 

Supine 

390(250-530)b 

5.25(3.45-7.05)b 

Spirometer 

STPD 

10 

20 

9 

Supine 

338(205-471)b 

4.63(3.11-6.15)b 

Spirometer 

STPD 

10 

21 

40-49 

d' 

Supine 

422(259-585)b 

6.90(4. 37-9. 43)b 

Spirometer 

STPD 

u 

22 

50-59 

d- 

Supine 

427(284- 569)b 

6.95(4.96-8.93)b 

Spirometer 

STPD 

11 

23 

60-69 

rf 

Supine 

408(263-554)b 

6.70(4.76-8.65)b 

Spirometer 

STPD 

11 

24 

70-79 

d" 

Supine 

377(231-523)b 

6.87(4.41-9. 32)b 

Spirometer 

STPD 

11 

25 

80-89 

d- 

Supine 

366(240-493)b 

6. 57(4.00-9. 14)b 

Spirometer 

STPD 

11 

26 

17-36 

rf 

Upright 

77  3(520-1130)0 

14.86(9.6-25.8)0 

Pneumotachograph 

BTPS 

12 

27 

18-34 

9 

Upright 

480(300-980)C 

6.86(4.24-13.1)0 

Spirometer 

BTPS 

13 

28 

21-27 

tf'9 

Upright 

508(398-685)C 

7.61(7.34-7.90)0 

Pneumotachograph 

ATPS 

14 

29 

20-32 

d-? 

Upright 

597(218-1307)c 

9.0(4.1-14.0)0 

Pneumotachograph 

ATPS 

15 

30 

22-28 

9 

Semirecumbent 

481(453-510)c 

6.09(5.89-6.25)0 

Spirometer 

BTPS 

16 

31 

18-38 

d" 

Semirecumbent 

654(416-1131)C 

9.33(7.07-11.3)0 

Spirometer 

BTPS 

17 

32 

21-35 

d- 

Upright 

504(387-583)C     5.39(4.  54-7. 60)c 

Pneumotachograph 

BTPS 

18 

33 

26-35 

a 

Semirecumbent 

594(514-740)c    i7.94(5. 1  4- 1 1 . 1  )C 

Spirometer 

BTPS 

16 

34 

22-40 

9 

Semirecumbent 

639(503-675)c     8.12(6.57-10.6)0 

Spirometer 

BTPS 

17 

35 

35-61 

d" 

Upright 

764(704-824)b    1 1  0.5(9.9- 1 1.1  )b 

Spirometer 

BTPS 

19 

36 

Adult 

d'9 

Upright 

522(468-555)0 

'.27(6.10-11.4)0 

Spirometer 

ATPS 

20 

37 

Adult 

rf9 

Upright 

616(315-745)0 

8.73(4.9-12.2)0 

Respirograph 

ATPS 

21 

38 

Adult 

d'9 

Upright 

651(350-975)0 

11.1(6.7-14.3)0 

Pneumotachograph 

ATPS 

22 

39 

Adult 

d'j 

Upright 

738(399-1107)0 

8.37(4.56-14.3)0 

Spirometer 

ATPS 

23 

40 

50-75 

d' 

Semirecumbent 

343(lll-575)b 

10. 6(5. 92-14. 2)<1 

Spirometer 

BTPS 

24 

41 

50-77 

9 

Semirecumbent 

281(30-533)b 

9. 18(4. 68-13. l)d 

Spirometer 

BTPS 

24 

42 

53-81 

d- 

Semirecumbent 

521(330-643)0 

8.61(6.05-12.1)0 

Spirometer 

BTPS 

16 

/I/  Air  inspired  or  expired  per  breath.     /2/  Respiration  frequency  x  tidal  volume.     /3/  Amb  =  ambient  conditions. 

i.e.,    plethysmograph  was  not  at  saturation.    For  conversion  among  respective  categories  of  gaseous  conditions,    see 

Page  1.    /4/  Within  first  14  da  of  life. 

Contributors:     (a)  Morrow,    P.  E.,    (b)  Cohn.   J.  E.,    (c)  Shock, 

References:    [  l]    Cross,   K.  W.,   and  Oppe,   T.  E.,   J.  Physiol., 

and  Smith,    C.  A.,   Am.  J.  Dis.  Child.  80:753,    1950.    /3/  Shaw, 

[4]    Howard,    P.  J.,   and  Bauer,   A.  R.,   ibid  77:592,    1949.    [5] 

[6]    Deming,   J.,   and  Banner,   J.  P.,   ibid  51^:823,    1936.    [7]    Murphy,    D. 

10:545,    1931.    [8]    Cross,   K.  W.,   J.  Physiol.,    Lond.  109:459,    1949.    [9] 


N.  W. 
Lond.  _U6:168,    1952.    [2]    Boutourline- Young 
L.  A.,    and  Hopkins,    F.  R.,    ibid  42:335,    1931. 
Deming,   J.,    and  Washburn,    A.  H.,    ibid  49:108, 
P.,   and  Thorpe,    E.  S.,   J.  Clin.  Invest 
Turner,   J.  A.,   and  McLean,   R.  L. , 


H.  J., 


1935. 


Pediatrics,    Springf.  7:360,    1951.    [10]    Shock,   N.  W.,   and  Soley,   N.  H.,   J.  Nutrit.  jj:  143,    1939.    [U]    Shock,   N.  W. 
and  Yiengst,   M.  J.,   J.  Geront.  j^:31 ,    1955.    [12]    Specht,   H.,    Marshall,    L.,   and  Hoff master,    B.,   Am.  J.  Physiol. 
j_57:265,    1949.    [13]    Hurtado,   A.,   et  al,   J.    Clin.  Invest.  13:169,    1934.    [14]    Fleisch,   A.,    Pflugers  Arch.  214:595, 
1926.    [15]    Bretschger,   J.  J.,   ibid  2^:134,    1925.    [16]    Fowler,   W.  S.,   Cornish,    E.  R.,   Jr.,   and  Kety,   S.  S.,  J. 
Clin.  Invest.  3|:40,    1952.    [17]    Bateman,   J.  B.,   J.  Appl.  Physiol.  3:143,    1950.    [18]    Morrow,    P.  E.,   and  Vosteen, 
R.  E.,   ibid  5:348,    1953.    [19]    Kaltreider,   N. ,    Fray,   W.  W.,   and  Hyde,   H.  van  Z.,   Am.  Rev.  Tuberc.  37:662, 
1938.    [20]    Killick,    E.  M.,   J.  Physiol.,    Lond.  84:162,    1935.     [21]    Guyton,   A.  C,    Am.  J.  Physiol.  J^:70,    1947. 
[22]    Rumpf,    K.,   Zschr.  ges.  exp.  Med.  101^:493,    1937.    [23]    Lippelt,   H.,    Beitr.  Klin.  Tuberk.  £1^:520,    1932. 
[24]    Greifenstein,   F.  E.,   King,   R.  M.,    Latch,   S.  S.,   and  Comroe,  J.  H.,   Jr.,   J.  Appl.  PhysioL  4:641,    1952. 
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44.    BASAL  RESPIRATORY 

Respiratory  values  are  corrected  to  STPD  conditions  (of  Page  1).  Determinations  were  made  on  fasting  subjects 
compute  frequency  distributions.  Ranges  in  parentheses  conform  to  estimate  "b"  of  the  95%  range  (cf  Introduction), 
gasometer  method;  O2  and  CO2  concentrations  by  Boothby- Sanford  modification  of  Haldane  technique;  samples  of 
DuBois  nomogram. 


Sex 

Respiratory 

Rate 
breaths /m  in 

Ventilation  Volume 

Tidal  Volurael 

Expired 

Air 

yr 

L/min 

L./sq  m/min 

cc/breath 

cc/sq 
m/breath 

%02 

%C02 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

11.75-12.24 

a 

16.3 

4.79 

3.81 

305 

242 

16.99 

3.49 

(7.9-24.7) 

(3.74-5.84) 

(2.76-4.86) 

(185-425) 

(158-326) 

(16.36-17.62) 

(2.86-4.12) 

2 

? 

16.1 

4.54 

4.41 

289 

216 

16.90 

3.57 

(9.8-22.4) 

(3.07-6.01) 

(2.57-4.25) 

(189-389) 

(132-300) 

(16.27-17.53) 

(2.94-4.20) 

3 

13.75-14.24 

<s 

17.0 

5.27 

3.55 

316 

212 

16.84 

3.58 

(12.8-21.2) 

(3.80-6.74) 

(2.92-4.18) 

(196-436) 

(149-275) 

(16.21-17.47) 

(3.16-4.00) 

4 

9 

15.6 

4.86 

3.24 

315 

208 

16.97 

3.51 

(11.4-19.8) 

(3.60-6.12) 

(2.40-4.08) 

(235-395) 

(145-271) 

(16.34-17.60) 

(2.88-4.14) 

5 

15.75-16.24 

rf 

15.6 

5.13 

2.98 

344 

200 

16.35 

4.01 

(9.3-21.9) 

(3.45-6.81) 

(2.14-3.82) 

(184-504) 

(137-263) 

(15.30-17.40) 

(3.17-4.85) 

6 

S 

15.2 

4.21 

2.67 

282 

177 

16.59 

3.81 

(8.9-21.5) 

(2.53-5.89) 

(1.83-3.51) 

(162-402) 

(193-240) 

(15.12-18.06) 

(2.97-4.65) 

7 

18.00-26.99 

a 

14.0 

5.04 

2.76 

372 

203 

16.48 

3.80 

(7.7-20.3) 

(2.94-7.14) 

(1.71-3.81) 

(192-552) 

(198-308) 

(15.43-17.53) 

(2.75-4.85) 

8 

9 

14.7 

4.45 

2.91 

319 

202 

16.98 

3.41 

(4.2-25.2) 

(2.14-6.76) 

(1.86-3.96) 

(139-499) 

(176-328) 

(15.72-18.24) 

(2.36-4.46) 

9 

27.00-43.00 

rf 

13.7 

5.25 

2.93 

390 

218 

16.90 

3.53 

(7.7-19.7) 

(3.45-7.05) 

(2.13-3.73) 

(250-530) 

(138-298) 

(15.90-17.90) 

(2.73-4.33) 

10 

9 

14.4 

4.63 

2.84 

338 

202 

17.08 

3.32 

(6.8-22.0) 

(3.11-6.15) 

(1.70-3.98) 

(205-471) 

(126-278) 

(16.32-17.84) 

(2.56-4.08) 

11 

40-49 

a 

16.8 

6.90 

3.97 

422 

243 

17.03 

2.58 

(11.4-22.2) 

(4.37-9.43) 

(2.61-5.33) 

(259-585) 

(151-334) 

(17.03-18.75) 

(1.95-3.21) 

12 

50-59 

a 

16.7 

6.95 

4.03 

427 

247 

18.04 

2.52 

(11.3-22.1) 

(4.96-8.93) 

(2.69-5.37) 

(284-569) 

(165-328) 

(17.16-18.92) 

(1.79-3.25) 

13 

60-69 

a 

16.9 

6.70 

3.93 

408 

239 

18.12 

2.44 

(11.1-22.7) 

(4.76-8.65) 

(2.25-5.61) 

(263-554) 

(153-324) 

(17.52-18.72) 

(1.93-2.95) 

14 

70-79 

<f 

18.8 

6.87 

4.13 

377 

226 

18.28 

2.26 

(11.6-25.9) 

(4.41-9.32) 

(2.78-5.48) 

(231-523) 

(153-299) 

(17.60-18.96) 

(1.64-2.88) 

15 1 80-90 

a 

18.2 

6.57 

4.03 

366 

223 

18.43 

2.14 

(12.5-23.9) 

(3.95-9.14) 

(2.47-5.59) 

(240-493) 

(169-277) 

(17.75-19.11) 

(1.61-2.67) 

/ 1  /  Volume  of  gas  entering  or  leaving  respiratory  tract  with  each  breath. 


Contributor:    Shock,   N.  W. 


References:    [  l]    Lines  1-10:     Shock,    N.  W.,   and  Soley,    M.  H.,   J.  Nutrit.  21:143,    1939.      [2]     Lines  11-15: 


45.    O2  AND  CO2  PRESSURES  IN  ALVEOLAR  AIR  AND  SUBCUTANEOUS  TISSUE:    MAN 

All  values  for  males,  under  resting  conditions.  Methods:  A  =  alveolar  air  drawn  by  method  of  Haldane  and  Priestley, 
T  =  microanalysis  of  gas  bubble  in  tissue  by  method  of  Krogh.  Values  in  parentheses  are  ranges,  estimate  "c"  of  the 
95%  range  (cf  Introduction). 


Alveolar 

Air 

Subcu 

taneous  Tissue 

Gas 

Subjects 
no. 

Method 

Pressure 
mm  Hg 

Subjects 
no. 

Method 

Pressure 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 
2 

Oxygen 
Carbon  dioxide 

54 
54 

A 
A 

97.8(87-107) 
40.9(36.4-47.0) 

5 
5 

T 
T 

22(15-24) 
45(41-50) 

B-D,  1;E-G,2 
B-D,  1;E-G,2 

Contributors:    Bartels,   H.,   and  Opitz,   E. 

References:    [l]    Bartels,    H.,   and  Rodewald,   G.,    Pfliigers   Arch.    2^:113,    1952.    [2]    Seevers,    M.  H..   Am.  J. 
Physiol.  115:38,    1936. 
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FUNCTIONS:     MAN 

in  recumbent  position  after  20-rainute  rest  period.    Averages  of  six  determinations  for  each  subject  were  used  to 
Techniques  and  apparatus:    Siebe-Gorraan  half  mask;  8  minute  tests  of  basal  O^  consumption  by  Tissot  open-circuit 
respiratory  alveolar  air  by  Haldane- Priestley  technique;  CO^  analyses  by  Haldane  apparatus;  surface  areas  by 


CO2  Tension, 

Alveolar  Air 

mm  Hg 

CO2  Elimination 

O2  Consump 

ion 

Heat 

cc/min 

cc/kg/min 

cc/sq  m/min 

cc/min 

cc/kg/rain 

cc/sq  m/min 

Production 
cal/sq  m/hr 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

41.0 

195 

5.15 

154.5 

45.03 

1 

(34.7-47.3) 

(153-237) 

(3.89-6.41) 

(120.9-188.1) 

(35.37-54.69) 

40.1 

189 

4.46 

140.8 

40.99 

2 

(35.9-44.3) 

(126-252) 

(3.20-5.72) 

(117.7-163.9) 

(34.27-47.71) 

42.2 

223 

4.65 

149.7 

43.46 

3 

(38.0-46.4) 

(160-286) 

(3.60-5.70) 

(122.4-177.0) 

(36.11-50.81) 

39.4 

198 

3.90 

130.1 

37.96 

4 

(33.1-45.7) 

(156-240) 

(3.06-4.74) 

(109.1-151.1) 

(31.87-44.05) 

42.1 

244 

4.13 

141.8 

41.13 

5 

(33.7-50.5) 

(181-307) 

(3.29-4.97) 

(112.4-171.2) 

(33.15-49.11) 

38.8 

187 

3.43 

117.9 

34.29 

6 

(32.5-45.1) 

(124-250) 

(2.59-4.27) 

(92.7-143.1) 

(27.15-41.43) 

43.0 

232 

3.43 

125.9 

36.57 

7 

(32.5-53.5) 

(169-295) 

(2.38-4.48) 

(100.7-151.1) 

(28.59-44.55) 

41.6 

187 

3.38 

118.3 

34.28 

8 

(29.0-54.2) 

(124-250) 

(2.33-4.43) 

(86.8-149.8) 

(25.88-42.68) 

42.7 

218 

3.39 

122.1 

35.44 

9 

(30.7-54.7) 

(158-278) 

(2.39-4.39) 

(102.1-142.1) 

(29.84-41.04) 

40.0 

186 

3.13 

112.5 

32.63 

10 

(30.5-49.5) 

(148-224) 

(1.80-4.46) 

(78.3-146.7) 

(23.13-42.13) 

173.0 

2.72 

99.7 

215 

3.37 

123.5 

35.73 

11 

(132.0-215.0) 

(2.08-3.36) 

(81.1-118.2) 

(152-278) 

(2.55-4.19) 

(94.9-152.0) 

(27.99-43.47) 

171.0 

2.72 

98.9 

211 

3.35 

121.9 

34.50 

12 

(131.0-211.0) 

(1.84-3.60) 

(75.0-122.9) 

(146-276) 

(2.23-4.47) 

(86.2-157.6) 

(25.74-43.26) 

160.0 

2.51 

93.4 

193 

3.03 

112.9 

33.00 

13 

(119.0-201.0) 

(1.78-3.24) 

(72.2-114.7) 

(141-245) 

(2.18-3.88) 

(87.4-138.4) 

(25.95-40.05) 

150.9 

2.49 

90.5 

188 

3.12 

113.1 

32.60 

14 

(99.9-202.0) 

(1.91-3.07) 

(68.2-112.7) 

(131-245) 

(2.27-3.97) 

(87.6-138.6) 

(25.31-39.89) 

138.9 

2.34 

84.6 

172 

2.89 

104.7 

30.05 

15 

(89.0-189.5) 

(1.66-3.02) 

(62.9-106.3) 

(106-238) 

(1.99-3.79) 

(73.1-136.2) 

(20.94-39.16) 

Shock,   N.  W.,   and  Yiengst.    M.  J.,   J.  Geront.  10:31,    1955. 


46.    VENTILATION  AND  O2  UPTAKE,  RIGHT  VS  LEFT  LUNG:    MAN 


Supine 

Position 

Right  Lateral  Position 

variable 

Right 

Left 

Right 

Left 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

Ventilation,   % 
Oxygen  uptake,   % 

52 
49-50 

48 
50-51 

53-54 
61-63 

46-47 
37-39 

Contributor:    Rahn,   H. 

References:    [l]    Inada,   K.,   Kishimoto,   S.,   Sato,   A.,   and  Watanabe,  T.,   J.  Thorac.  Surg.  ^:  173,    1954. 
[2]    Rothstein,    E.,    Landis,   F.  B.,   and  Navodick.   B.  G.,   ibid  19:821,    1950. 


45 


47.    RESPIRATORY  DEAD  SPACE:     MAN 

For  purposes  of  defining  dead  space,   expiratory  air  is  arbitrarily  divided  into  two  components:    that  which  is  like 
alveolar  air,   and  that --called  dead  space- -which  is  like  the  inspired  air.    Dead  space  can  be  considered  for  any 
inspired  or  expired  gas,    CO^  being  most  often  studied.    There  are  many  methods  for  measuring  dead  space,  differ- 
ing primarily  with  the  way  alveolar  air  is  measured  or  computed.    It  has  not  been  shown  that  any  two  methods  give 
identical  results,   nor  is  it  known  exactly  which  geometric  portion  of  the  lung  they  measure.    Until  identical  results 
can  be  shown,  it  is  best  that  different  methods  be  identified  by  different  names.    For  CO2  and  O^,  dead  space  is  sub- 
divided by  some  into  two  parts;    one,  the  conducting  airway  from  nares  to  terminal  bronchioles,   the  other,  a  portion 
of  the  tidal  volume  going  to  alveoli  but  wasted  because  of  uneven  distribution  of  blood  and  gas  in  the  lung.    The  terms 
in  most  common  use  are:    (1)  Anatomic  Dead  Space.    Strictly,   this  is  the  geometric  volume  of  the  conducting 
airway.    The  term  is  used  both  by  those  making  plaster  or  other  casts  of  the  dead  lung  airway;  and  by  many  whose 
methods  are  thought  to  approximate  this  volume  in  vivo,   the  most  widely  used  of  which  methods  is  Fowler's  single- 
breath  analysis  of  gas  flow  and  concentration  (  l]  .    Other  terms  and  methods  believed  to  approximate  this  anatomic 
space  are  grouped  in  this  section  under  the  heading  Anatomic.    (2)  Physiologic  Dead  Space.    This  term  includes 
both  anatomic  and  distribution  dead  space,   and  indicates  the  value  of  alveolar  CO2  tension  obtained  by  measuring 
arterial  CO2  tension.    Other  methods  also  attempt  to  include  distribution  dead  space;  these  are  all  grouped  with  the 
arterial  CO^  tension  methods  under  the  heading  Physiologic.    Those  marked  "Haldane- Priestley"  are  now  felt  by 
most  investigators  to  be  too  large,   because  the  alveolar  tension  obtained  by  a  forced  lung  expiration  is  too  high. 
Regarding  other  methods,   it  is  not  possible  to  be  certain  whether  they  belong  in  the  Anatomic  or  Physiologic  group. 
"Alveolar"  dead  space  [  2]    is  the  difference  between  the  physiologic  dead  space  and  the  anatomic  dead  space 
(Fowler);  it  is  one  measure  of  the  distribution  dead  space.    "Parallel"  dead  space  also  refers  to  the  distribution 
dead  space,  as  determined  by  the  isosaturation  technique  [  3]  . 

Contributor:    Severinghaus,   J.  W. 

References:    [  1]    Fowler,   W.  S.,   Am.  J.  Physiol.   154:405,    1948.    [2]    Severinghaus,   .1.  W.,   and  Stufpel,    M.,   J.Appl. 
Physiol.  10:3  3  5,    1957.    [3]    Pappenheimer,   J.  R.,   Fishman,   A.  P.,   and  Borrero.    L.  M.,   ibid  4:855.    1952. 

Part  1:     AT  REST 
Values  in  parentheses  conform  to  estimate  "c"  of  the  95%  range  (cf  Introduction). 


Age 

Subjects 
no. 

Sex 

Dead  Space 
L 

Method 

Reference 

(A) 

(B) 

(C) 

(D) 

(E)                                                                       (F) 

Anatomic 


Young 

5 

cf 

0.130(0.100-0.160) 

Fractional  sampling,   analysis  of  expiratory  CO2. 

1 

19-38 

45 

rf 

0.156(0.106-0.219) 

Nitrogen  (Lilly  nitrogen  meter). 

2 

20-25 

2 

s 

0.108(0.093-0.124) 

Foreign  gas  (hydrogen). 

3 

24 

1 

5 

0.133 

4 

25-32 

5 

(f 

0.144(0.098-0.164) 

3 

27-29 

cf 

0.122(0.089-0.143) 

4 

29-36 

tf 

0.164(0.145-0.215) 

Isosaturation. 

5 

8 

68-89 

18 

<f 

0.235(0.127-0.370) 

Continuous  recording  of  expiratory  CO2  infrared  gas  analyzer. 

6 

9 

tf 

0.177(0.154-0.214) 

7 

10 

a 

0.176 

Isosaturation. 

8 

11 

<f 

0.155(0.109-0.181) 

Foreign  gas  (hydrogen). 

9 

l^ 

a 

0.144 

Plaster  cast. 

10 

13 

9 

0.090                            1  Isosaturation. 

5 

Physiologic 

14 

18-34 

50 

5 

0.144(0.041-0.449) 

Alveolar  CO2  tension  (Haldane-Priestley). 

11 

15 

18-38 

5 

a 

0.189(0.128-0.259) 

N2  clearance. 

12 

16 

18-39 

8 

a 

0.180(0.130-0.260) 

H2  clearance. 

13 

17 

21-32 

10 

a 

0.173(0.052-0.223) 

Arterial  CO2  tension. 

14 

18 

21-32 

4 

? 

0.110(0.090-0.140) 

H2  clearance. 

13 

19 

22 

1 

<f 

0.151 

Arterial  CO2  tension. 

15 

20 

29-36 

7 

a 

0.174(0.140-0.208) 

Isosaturation. 

5 

21 

2 

a 

0.165(0.142-0.189) 

Alveolar  CO2  tension  (Haldane-Priestley). 

16    1 

22 

4 

a 

0.194(0.158-0.228) 

Arterial  CO2  tension. 

17 

Contributors:    (a)  Rossier,    P.  H.,    (b)  Bateman,  J.  B..   (c)  Fishman,   A.  P.,   (d)  Kaltreider,    N.  L.,    (e)  Severinghaus, 
J.  W. 

References:    [  l]    Hatch,   T.,   Cook,   K.  M.,   and  Palm,    P.  E.,   J.  Appl.  Physiol.  5:341,    1953.    [2]    Fowler.   W.  S..   Am. 
J.  Physiol.  1^:405,    1948.    [3)    Siebeck,   R..    Deut.  Arch.  klin.  Med.  |02:390.    1911.    [4]    Siebeck,   R..   Scand.  Arch. 
Physiol.  25:86.    1911.    [5]    Fishman.   A.  P..   J.  Clin.  Invest.  33:469,    1954.    [6]    Tenney,    S.  M.,   and  Miller.   R.  M..   J. 
Appl.  Physiol.  9:321.    1956.    (7)    DuBois.   A.    B..   Fowler,   R.    C,    Soffer.   A.,   and  Fenn.   W.  O..   ibid  4:526.    1952. 
[8]    Pappenheimer,   J.  R.,    Fishman,   A.  P..   and  Borrero.    L.  M..   ibid  4:855.    1952.    [9]    Krogh,   A.,   and  Lindhard. 
J..   J.  Physiol.  47:30,    1913-14.    [10]     Loewy.    A.,    Pflugers  Arch.  28:416.    1894.     [U]    Hurtado.    A.,    Fray,    W.  W., 
Kaltreider,    N.  L.,   and  Brooks.    W.  D.,   J.  Clin.  Invest.  13:169,    1934.    [12)    Bateman.   J.  B..   J.  Appl.  Physiol.  3:143. 
1950.    [13]    Birath,   G.,   Acta  med.  scand.,    suppl..    154.    1944.    [14]    Blickenstorfer,    E..   Schweiz.  Zschr.  Tuberk.. 
4:Buppl.   1,    1947.    [15]    Enghoff,    H.,   Upsala  lak.  foren.  forh.  44:191.    1938.    (16)    Haldane.   J.  S.,   and  Priestley, 
J.  G..   J.  Physiol.  32:240.    1905.    [17]    De  Coster.  A.,  and  Denolin.   H..   Acta  clin.  belg.  9:135.    1954. 
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CR-209.     RESPIRATORY  DEAD  SPACE:     MAN  (Continued) 
Part   11:     DURING  ACTIVITY 


Values  in  parentheses  conform  to  estimate 
Vt  =  tidal  volume 


'c"  of  the  95%  range  (cf  Introduction).    Vq  =  volume  of  dead  space  gas, 


Subjects 
no. 

Sex 

Activity 

O2  Consumption 
L/min 

Vt 
L 

Vq 

L 

pa,  100 

Vt 

% 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

Anatomic 


1 

2 

a 

Moderately 

0.172 

1 

2 

2 

a 

severe  work 

0.211 

1 

3 

2 

a 

750  kg/min, 

0.142 

2 

4 

2 

a 

bicycle 
ergometer 

0.093 

2 

5 

1 

a 

Quiet  breathing 

0.580 

0.168 

29 

3 

6 

1 

? 

0.895 

0.105 

12 

3 

7 

1 

a 

Post- exercise 

0.810 

0.188 

23 

3 

8 

1 

S 

hyperpnea 

1.310 

0.1  S8 

12 

3 

Physiologic 

9 

1 

a 

At  restl 

0.403 

0.198 

49 

4 

10 

1 

cf 

Fast  walkingl 

1.373 

0.650 

47 

4 

11 

1 

a 

Bed  restl 

0.237 

0.457 

0.160 

35 

5 

12 

1 

a 

Standing  restl 

0.328 

0.612 

0.222 

36 

5 

13 

1 

a 

Walkingl 

1.436(0.668- 

2.543) 

2.014(1.271-3.145)     0.463(0.293-0.622) 

23.5(20-27.5) 

5 

14 

4 

<s 

Severe  work 

2.400(1.500-3.300)2  0.303(0. 245-0. 365)-: 

13.3(11-16)2 

6 

15 

4 

a 

(bicycle 

2.5002 

3.304(3.030-3.500)2  0.310(0.292-0.362)2 

10(9-11)2 

6 

16 

30 

<f 

ergometer) 

1.200(0.400- 

2.000)2 

1.348(0.570-2.020)2  0.315(0.155-0.470)2 

24(22-27)2 

7 

17 

2 

a 

0.8622 

1.2762 

0.2812 

222 

8 

18 

2 

d- 

1.5382 

1.7062 

0.3602 

212 

8 

19 

1 

rf 

1.740(1.410- 

2.050)3 

2.562(1.890-3.520)3 

0.322(0.280-0.392)3 

12.8(11-15)3 

9 

20 

2 

a 

Treadmill 

0.4501  (at  rest) 

O.I20I 

26.5I 

10 

21 

2 

rf 

2.950I  (at  work) 

O.555I 

I9I 

10 

22 

3 

d 

1.667(1.255- 

2.425)2 

2.298(1.705-3.582)2 

0.227(0.131-0.296)2 

10.8(8-17)2 

11 

23 

3 

<f 

2.0422 

2.8O92 

0.3772 

13.52 

11 

24 

3 

a 

0.6902 

0.7622 

0.2582 

332 

11 

25 

34 

<f 

1.080(0.810- 

1.350)2 

15.1(0-31)2 

12 

/I/  Alveolar  CO^  tension  method  (Haldane- Priestley) 

of  expiratory  gas,   CO^  analysis. 

Contributors:    (a)  Rossier,    P.  H.,   (b)  Severinghaus,   J.  W. 

References:    [  l]    Siebeck,   R.,    Scand.  Arch.  Physiol.  25:81 ,    1911.      [2] 

47:30,    1913-1914.    [3]    Fowler,   W.  S.,   Am.  J.  Physiol.  154:405.    1948. 

and  Whitney,   J.  L.,   ibid  38: 1 ,    1915.    [5]    Douglas,   C.  G.,   and  Haldane, 

[6]    Asmussen,    E.,   and  Nielsen,    M.,   Acta  physiol.  scand.  38:1,    1956. 


/2/  Arterial  COj  tension  method.    HI  Fractional  sampling 


Krogh,   A.,   and  Lindhard,   K.,   J.  Physiol. 

[4]    Henderson,   Y.,   Chillingworth.   F.  P., 

J.  S.,   J.  Physiol.  45:235,    1912. 

[7)    Rossier,    P.  H.,   and  Buhlmann,   A., 
unpublished.    [8]    Houston,   C.  S.,   and  Riley,   R.  L.,   Am.  J.^hysiol.  149:565,    1947.    [9]    Aitken.    R.  S.,   and 
Clark- Kennedy,   A.  E..   J.  Physiol.  65:389,    1928.    [  10]    Bannister,    R.  G.,    Cunningham,   D.  J.,   and  Douglas,   C.  G., 
ibid  2i5:90,    1954.    [ll]    Riley,   R.  L.,    Shepard,    R.  H.,    Cohn,   J.  E.,   Carroll,    D.  G.,   and  Armstrong,   B.  W.,   J. 
Appl.  Physiol.  6:673,    1954.   (  12]   Filley,   G.  F.,   Gregoire,    F.,   and  Wright,   G.  W.,   J.  Clin.  Invest.  23:517,    1954. 

Part  111:     DURING  CO2  HYPERPNEA 
Male  subjects  at  rest.    Except  where  otherwise  indicated,    measurements  are  for  alveolar  CO2  tension  by  Haldane- 
Priestley  method.    Vq  =  volume  of  dead  space  gas,   Vt  -  tidal  volume. 


Air  Respiration 

Air  plus  CO2  Respiration 

Vt 

L 

vd 

^xlOO 
% 

Vt 
L 

Vd 
L 

^x.OO 
% 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 
2 

3 
4 
5 
6 
7 
B 

0.532 
0.468 
0.400 
0.500 

0.170 
0.141 
0.105 
0.135 
0.1421 

0.1352 
0.1422 

32 
30 
26 
27 

1.018 
1.254 
1.600 
1.300 

0.252 

0.358 

0.340 

0.330 

0.2161 

0.3851 

0.1092 

0.1432 

25 
29 
21 
25 

1 
1 
2 
2 
3 
3 
4 
4 

HI  Arterial  CO2  tension  method.    /2/  Foreign  gas  method  (hydrogen). 

Contributors:    (a)  Rossier,    P.  H.,    (b)  Severinghaus,   J.  W. 

References:   [  l]    Campbell,  J.  M.,  Douglas,  C.  G.,  and  Hobson,  F.  G.,  J.  Physiol.  48:303,  1914.    [2]   Bannister,  R.  G. 

Cunningham,  D.  J.,  and  Douglas,  C.  G.,  ibid  ^^: 90,  1954.   [3]   Cooper,  D.  Y.,  Emrael,  G.  L.,  Kough,  R.  H.,   and 

Lambertsen,    C.  J.,   Fed.  Proc.  12:28,    1953.    [4]    Siebeck,   R.,   Scand.  Arch.  Physiol.  25:31,    1911. 
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48.    RESPIRATORY  DEAD  SPACE  AND  CHANGE  IN  FUNCTIONAL  RESIDUAL  CAPACITY:    DOG 
Determinations  made  on  11  dogs;  tidal  volume  was  held  constant  at  iOO  ml  and  rate  at  10  or  12  respirations  per  min. 
Anatomic  dead  space  is  proportional  to  end  inspiratory  lung  volume,    while  physiologic  dead  space  is  approximately 
constant  over  range  of  lung  volumes  studied.    For  definitions  and  clarifying  information  on  various  dead  space  con- 
cepts, see  Page  46. 

100  r- 


80 


.  60 


a 


40 


ZO 


physiologic  dead  space 
anatomic  dead  space 


Pneumothorax 
_i I > L 


Normal 

I I 


Distended 


_L 


_!_ 


-300  -200  -100  0  +100  +200 

Change  in  Functional  Residual  Capacity,    ml 


+  300 


Contributor:    Severinghaus,  J.  W. 

Reference:    Severinghaus,  J.  W.,  and  Stupfel,  M.,  J.  Appl.  Physiol.  ^:335.  1957. 


Male  subjects.    V 


D 


49.    SOME  FACTORS  AFFECTING  RESPIRATORY  DEAD  SPACE:    MAN 

Part  I:     EFFECT  OF  BREATHHOLDING 
volume  of  dead  space  gas.     For  definitions  and  clarifying  information  on  various  dead  space 


concepts,   see  Page  46. 


C..K4«.^*« 

Dead 

Space 

Quiet  Breathing 

Breathholding 

no. 

Inspiration  Time 

Vd 

Inspiration  Time 

Vd 

Reference 

Gas 

sec 

ml 

sec 

ml 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

2l 

198 

5 

157 

1 

2 

10 

146 

189 

5 

135 

10 

118 

52 

2.0 

132 

20 

70 

2 

2.0 

128 

21 

66 

1.3 

160 

20 

95 

1.3 

173 

21 

74 

2.0 

168 

22 

107 

2.5 

107 

21 

55 

2.2 

114 

20 

61 

2.5 

192 

22 

136 

2.1 

178 

21 

145 

l3 

C02 

195 

3 

195 

3 

5 

160 

10 

150 

20 

163 

30 

138 

60 

105 

He 

225 

3 

175 

21 

5 

165 

22 

10 

160 

23 

20 

132 

24 

20 

110 

25 

60 

95 

/I/  Foreign  gas  method  (hydrogen), 
method  (Lilly  nitrogen  meter). 


/2/  Nitrogen  method  (Lilly  nitrogen  meter).  /3/  Recording  mass  spectrometer 
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49.    SOME  FACTORS  AFFECTING  RESPIRATORY  DEAD  SPACE:    MAN  (Concluded) 
Part  I:    EFFECT  OF  BREATHHOLDING  (Concluded) 
Male  subjects.    Vjj  =  volume  of  dead  space  gas. 


Subjects 

Dead 
Space 

Quiet  Breathing 

Breathholding 

Inspiration  Time         | 

Vd 

Inspiration  Time 

Vd 

Reference 

no. 

Gas 

sec 

ml 

sec 

ml 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

26 

l3 

N2 

190 

3 

170 

3 

27 

5 

150 

28 

10 

140 

29 

20 

120 

30 

30 

105 

31 

60 

118 

32 

02 

210 

3 

180 

33 

5 

155 

34 

10 

140 

35 

20 

165 

36 

30 

130 

37 

60 

115 

/3/  Recording  mass  spectrometer  method  (Lilly  nitrogen  meter) 


Contributor:    Rossier,    P.  H. 

References:    [  l]    Siebeck,    R.,    Deut.  Arch.  klin.  med.  102:390,    1911.    [2]    Fowler.    W.  S.,   Am.  J.  Physiol.  154:405, 
1948.    [3]    Bartels,    J.,   Severinghaus,   J.  W.,    Forster,   R.  E.,   Briscoe,   W.  A.,   and  Bates,   D.  V.,   J.  Clin.  Invest. 
33:41,    1954. 

Part  II:     EFFECT  OF  BREATHING  LEVEL 

Each  set  of  values   is  for  a   single  subject.    Unless  otherwise  indicated,    measurements  are  by  foreign  gas   (H^) 
method. 


Sex 

Deep  Expiratory  Level 
ml 

Normal  Expiratory  Level 
ml 

High  Inspiratory  Level 
ml 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

a 

109 
109 

135 
142 

152 
206 

1 

3 

d-i 

33 

150 

796 

2 

4 
5 

S 

99.5 
98.5 

111 
108.5 

185 
171 

3 

6 

d- 

158 

294 

4 

7 
8 

rf2 
?2 

119 
84 

168 
105 

233 
202 

5 

/I/  Alveolar  CO2  tension  method  (Haldane- Priestley).    /2/  Nitrogen  method. 
Contributors:    (a)  Rossier,    P.  H.,   (b)  Severinghaus,   J.  W. 


References:    [  l]    Siebeck,   R.,   Scand.  Arch.  Physiol.  25:91,    1911.    [2]    Henderson,   Y.,   ChiUingworth,   F.  P.,   and 

J.  L.,   Am.  J.  Physiol.  38:1,    1915.    [3]    Krogh,   A.,   and  Lindhard,   J.,   J.  Physiol.  51^:59,    1917.    [4]    Mundt. 
and  Schwarz,   H.,    Pfliigers  Arch.  244:107,    1941.    [5]    Fowler,    W.  S.,   Am.  J.  Physiol.  154:405. 


W. 


Whitney, 

E.,    Schoedel, 

1948. 

Part  III:     DEAD  SPACE  FOR  O^.    CO^,    He,    AND  N^ 

Values  are  for  single  subjects  at  rest.    All  inspirations  were  80%  He- 20%  O2  and  followed  a  period  of  breathing  air. 
All  breathholding  times  were  about  2j  sec.    Recording  mass  spectrometer  method  (Lilly  nitrogen  meter).    Ranges 
in  parentheses  conform  to  estimate  "b"  of  the  95%  range  (cf  Introduction). 


Sex 

O2 
ml 

CO2 
ml 

He 
ml 

Nz 
ml 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 
3 
4 

S 

a 
a 
a 
9 

149(141-157) 
169(151-187) 
165(155-175) 
195(185-205) 
161(145-177) 

145(137-153) 
161(149-173) 
160(150-170) 
207(193-221) 
144(136-152) 

141(131-151) 
152(144-160) 
155(143-167) 
198(180-216) 
134(122-146) 

128(122-134) 
165(159-171) 
169(163-175) 
189(179-199) 
124(114-134) 

Contributor:    Rossier,    P.  H. 

Reference:    Bartels,   J.,   Severinghaus,   J.  W.,    Forster,    R.  E.,   Briscoe,    W.  A.,   and  Bates,    D.  V.,   J.  Clin.  Invest. 
33:41,    1954. 
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50.     RESPIRATORY  DEAD  SPACE  AND  TIDAL  VOLUME:    MAN 

Resting  subjects.    Vq  =  volume  of  dead  space  gas  in  ml.    V-p  =  tidal  volume  in  ml.    For  definitions  and  clarifying 
information  on  various  dead  space  concepts,   see  Page  46. 


No.  and  Sex 

Mean  Value 

Range 

Method 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Irf 

Vd  =  0.31  X  Vt 

Alveolar  CO^  (Haldane- Priestley). 

1 

2 

Vd  =  0.275  X  Vt 

Statistical  data. 

2 

3 

50$ 

Vd  =  0.4949  X  Vt  -89.9 

Vd  =  0.4949  X  Vt  -30 
Vd  =  0.4949  X  Vt  -160 

Alveolar  CO2  tension  (Haldane- 
Priestley). 

3 

4 

42  cf 

Vd  =  0.41  X  Vt  -55 

Vd  =  0.41  X  Vt  +30 
Vd  =  0.41  X  Vt  -150 

Alveolar  CO2  tension  (Haldane- 
Priestley). 

4 

5 

l<f 

Vd  =  0.24  X  Vt 

Arterial  CO2  tension. 

5 

6 

8rf 

Vd  =  0.34  X  Vt 

Vd  =  0.448  X  Vt 
Vd  =  0.186  X  Vt 

Hydrogen  clearance. 

6 

7 

4? 

Vd  =  0.254  X  Vt 

Vd  =  0.305  X  Vf 
Vd  =  0.225  X  Vt 

Hydrogen  clearance. 

6 

8 

8rf 

Vd  =  0.199  X  Vt 

Vd  =  0.29  X  Vt 

Vd  =  0.13  X  Vt 

Arterial  CO^  tension. 

7 

9 

5rf.   3? 

Vd  =  0.30  X  Vt  -4.9 

Nitrogen  clearance. 

6 

10 

4cf 

Vd  =  0.31  X  Vt 

Vd  =  0.25  X  Vt 
Vd  =  0.38  X  Vt 

Arterial  CO2  tension. 

9 

11 

9d-.    4? 

Vd  =  0.36  X  Vt 

Vd  =  0.36  X  Vt  -25 
Vd  =  0.36  X  Vt  +25 

Arterial  CO2  tension. 

10 

12 

35^,    159 

Vd  =  0.35  X  Vt 

Vd  =  0.35  X  Vt  -25 
Vd  =  0.35  X  Vt  +25 

Arterial  CO2  tension. 

11 

Contributors:    (a)  Rossier,    P.  H.,   (b)  Fishraan,   A.  P..   (c)  Kaltreider,   N.  L.,   (d)  Severinghaus,  J.  W. 
References:    [  l]    Campbell,   J.  M.,   Douglas,    C.  G.,   and  Hobson,   F.  G.,  J.  Physiol.  48:303,    1914.  [2]    Enghoff,   H., 
Scand.  Arch.  Physiol.  63:15,  1931.    [  3]   Hurtado,  A.,  Fray,  W,  W.,  Kaltreider,  N.  L.,  and  Brooks,  W.  D.,  J.  Clin. 
Invest.   n:169,  1934.    [4]    Kaltreider,    N.  L. ,    Fray,    W.  W. ,   and  Hyde,    H.  van  Z.,    Am.  Rev.  Tuberc.   37:662,    1938. 
[5]    Enghoff,    H.,    Upsala  lak.  foren.  forh.  44:191 ,    1938.    [6]    Birath,   G.,   Acta  med.  scand.  suppl.,    154,    1944. 
[7]    Riley,    R.  L.,   and  Cournand,   A.,   J.  Appl.  Physiol.  J^: 82 5,    1949.    [8]    Bateman,   J.  B.,   ibid  3:143,    1950. 
[9]    De  Coster,   A.,   and  Denolin,   H.,   Acta  clin.  belg.  9:135,    1954.    [10]    Bartels,   H.,    Beer,   R.,   Koepchen,   H.  P., 
Wenner,  J.,  and  Witt,  1.,  Pfliigers  Arch.  261:133,    1955.    [  U]   Rossier,  P.  H.,  and  Buhlmann,  A.,  unpublished. 


51.    RESPIRATORY  DEAD  SPACE  AND  TIDAL  VOLUME:     DOG 

Male  subjects.    Vd  =  volume  of  dead  space  gas.    For  definitions  and  clarifying  information  on  various  dead  space 
concepts,   see  Page  46. 


500 


6    400 


•3    300 
> 


H    200 


100 


J I L. 


_i L 


X=  physiologic  dead  space 
•  =  anatomic  dead  space 

J I i 1 I I I I L. 


40  bO  80  100  120  140  160  180  200 

Dead  Space,  ml 

Contributor:    Severinghaus,  J.  W. 

Reference:    Severinghaus,  J.  W.,  and  Stupfel.  M.,  J.  Appl.  Physiol.  J^: 3 35,  1957, 
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52.    RESPIRATORY  DEAD  SPACE  IN  PATHOLOGICAL  CONDITIONS:    MAN 
Ranges  are  estimate  "c"  of  the  95%  range  (cf  Introduction).    Vq  -  volume  of  dead  space  gas,   V-p  =  tidal  volume.    For 


definitions  and  clarifying  information  on  various  dead 

space  concepts,    see  Page  46. 

Condition 

Subjects 
no. 

Sex 

Vd 
ml 

^xlOO 
% 

Method 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 
2 
3 
4 
5 
6 

Emphysema 

8 
2 
6 

5 
5 
100 

a 

189-253 
490-570 

142-231 
190-320 

59-76 
23-52 
35-53 
36-47 
38-60 

Foreign  gas  (hydrogen) 
Hydrogen  clearance 
Arterial  CO2  tension 
Arterial  CO2  tension 
Arterial  CO2  tension 
Arterial  CO2  tension 

1 
2 
3 
4 
5 
6 

7 

Sarcoidosis 

22 

a 

11-48 

Arterial  CO2  tension 

7 

8 

Pulmonary  fibrosis,   including 
sarcoidosis 

8 

190-310 

36-60 

Arterial  CO2  tension 

6 

9 
10 
11 

Pneumonectomy,   recently 
operated 

15 

5 
1 

a 
9 

120-160 
160-340 
300 

47' 

36-57 

50 

Arterial  CO2  tension 
Hydrogen  clearance 
Hydrogen  clearance 

8 
2 
2 

12 

Pneumonectomy  with 
thoracoplasty 

15 

80-120 

261 

Arterial  CO2  tension 

8 

13 
14 

Pneumothorax,   unilateral 

9 

2 

9 

190-450 
90-140 

38-60 
29 

Hydrogen  clearance 
Hydrogen  clearance 

2 
2 

15 

Pneumothorax,   bilateral 

2 

<s 

180-270 

35-59 

Hydrogen  clearance 

2 

16 
17 

Thoracoplasty 

8 
2 

a 
9 

140-400 
150-190 

44-57 
37-39 

Hydrogen  clearance 
Hydrogen  clearance 

2 

2 

18 

Renal  and  diabetic  acidosis 

5 

To  400 

Arterial  CO2  tension 

6 

19 
20 
21 
22 

Acute  asthmatic  attacks 
Before  attack 
During  attack 
Before  attack 
During  attack 

5 
5 
3 
3 

a 
<f 
9 
9 

190-320 
254-686 
230-310 
167-294 

28-44 
40-65 
37-51 
42-63 

Arterial  CO2  tension 
Arterial  CO2  tension 
Arterial  CO2  tension 
Arterial  CO2  tension 

9 
9 
9 
9 

/I  /  Mean  value. 

Contributors:    (a)  Rossier,    P.  H.,    (b)  Severinghaus,   J.  W. 

References:    [  l]     Siebeck,   R.,    Deut.   Arch.   klin.    Med.   ]^:380,    1911.      [2]     Birath,   G.,   Acta   med.   scand..   suppl., 
154,    1944.      [3]     Riley,   R.    L.,   and   Cournand,   A.,   J.    Appl.    Physiol.    1^:825,    1949.      [4]     West,   J.    R..    Baldwin, 
E.   de   F.,    Cournand.   A.,   and   Richards,    D.    W.,   Am.   J.    M.    10:481,    1951.      [5]     De   Coster,   A.,   and   Denolin,   H., 
Acta   clin.   belg.   9:135,    1954.      [6]     Rossier,   P.    H.,   and   Buhlmann,   A.,   unpublished.      [7]     Stone,    D.   J.,  Schwartz, 
A.,    Feltman,   J.   A.,   and   Lovelock,    F.   J.,   Am.   J.    M.   ^:468,    1953.      [8]     Rossier,    P.    H.,   and   Buhlmann.   A., 
Schweiz.   Zschr.    Tuberk.   7:1,    1950.      [9]     Scherrer,    M.,   Kostyal,   A.,   Wierzejewski,   H.,   Schmidt,   F.,   and  Von 
Geuns,   H.   A.,   Internat.   Arch.   Allergy,    Basel  9:65.    1956. 
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53.    DIFFUSION  CAPACITY  OF  THE  LUNGS:    MAN 

Dx  is  the  amount  of  gas  in  ml  (STPD)  per  min  which  diffuses  through  the  whole  lung,   when  a  mean  partial  pressure 

rnl  £cLS 
difference  of  one  ram  He  exists  between  alveolar  air  and  capillary  blood  of  the  lung  (Ap).    D  =  — . — ^  r-^  ;  therefore. 

the  total  oxygen  consumption  of  the  lungs  (Q)  is  as  follows:    Q  =  D02  x  Ap.    Calculation  of  D02  from  Dqq.    D02  - 
Deo  *  1-23.    Calculation  of  DcOz  from  DcO'    Dco^  "  ^co  "  24.6.    Methods:    A  =  single  breath  CO  method  of 
Krogh  [1],   or  modification  [  2)  ;  B  =  oxygen  method  with  graphical  integration  of  mean  oxygen  pressure  gradient  [  3]; 
C  =  steady  state  CO  method  based  on  arterial  CO2  tension;  D  =  steady  state  CO  method  based  on  end  tidal  gas 
sampling  or  assumed  dead  space  value;  E  =  radioactive  C^^"  method  of  Kruhoffer.    Values  are  in  most  cases 
corrected  for  lung  volume  at  mid-capacity  (sum  of  residual  reserve  and  half  the  resting  tidal  volume)  or  for  the 
volume  at  functional  residual  capacity  (sum  of  residual  and  reserve  volume).    Values  in  parentheses  are  ranges, 
estimate  "c"  of  the  95%  range  (cf  Introduction). 

Part  1:    AT  REST  AND  DURING  ACTIVITY 


A   — - 

No.  and  Sex 

Method 

D 

Oz 

Work  Load 

Reference 

"Bc 

Rest 

Work 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

10-15  yr 

5,rf9 

A 

23.1(20.6-27.3) 

1 

2 

Adult 

14^ 

A 

36.7(27.8-43.3) 

1 

3 

5? 

A 

28.0(21.9-30.5) 

1.4 

4 

lOcf 

E 

27(21-31)1 

5 

5 

59 

E 

22(20-24)1 

5 

6 

9rf 

B 

24.4(16-36)2 

7 

25-28  yr 

5rf 

A 

51.3(41.7-60.2) 

450  kg- m/ min 

8 

6cf 

A 

35.6(24.7-42.9) 

55.7(43.0-68.8) 

670-900  kg-ra/min 

9 

5* 

A 

63.5(60.4-66.8) 

1 130  kg-ra/min 

10 

4^ 

A 

57.5(49.0-68.6) 

1300  kg-ra/rain 

U 

3rf 

A 

63.7(57.3-73.4) 

1590  kg- m/ rain 

12 

Adult 

6rf 

B 

21(12-36)3 

62(50-76)2 

13 

6d-.  15 

C 

20.7(12.9-34.5) 

44.6(28.5-67.6)4 

2-16%  grade  at  2.5-3.5  rai/hr 

8 

14 

14cr,4S 

D 

21.6(13.0-35.3) 

37.9(25.5-53.4) 

0  grade  at  3  mi/hr 

9 

15 

12,  cf? 

D 

39.2(29.6-57.8) 

9%  grade  at  3  mi/hr 

9 

/I/  15%  O2  in  inspired  air.     /2/  12%  O2  in  inspired  air.     HI  10%  O2  in  inspired  air.     /4/  10  males,    1  female. 

Contributors:    (a)  Bartels,    H.,   and  Opitz.    E.,    (b)  Bates,    D.  V. 

References:    [  1]    Krogh,    M.,   J.  Physiol.,    Lend.  49:271,    1914-15.    [2]    Forster,    R.  E.,    Cohn.   J.  E.,    Briscoe, 

W.  A.,    Blakemore,    W.  S.,   and  Riley,    R.  L.,   J.  Clin.  Invest.  33:1417,    1955.    [3]    Bohr,    C,    Skand.  Arch.  Physiol., 

Berl.  22:221.    1909.    [4]    B^je,   O.,   Arbeitsphysiologie  7:1 57,    1934.    [5]    Kruhoffer,    P.,    Acta  physiol.  scand.  32: 106, 

1954.  Tb]    Bartels.   H.,   et  al,    Pflugers   Arch.  26]^: 99,    1955.    [7]    Lilienthal,   J.  L..   Jr.,    Riley,   R.  L.,    Proerarael. 

D.  D.,   and  Franke,   R.  E.,   Am.  J.  Physiol.   147:199,    1946.    [8]    Filley,   G.  F.,    Macintosh,    D.  J.,   and  Wright,   G.  W., 

J.  Clin.  Invest.  33:530,    1954.    [9]    Bates,    D.  V.,    Boucot,   N.  G.,   and  Dormer,   A.  E.,   J.  Physiol.,    Lond.   129:237, 

1955. 


Part  U:    EFFECT  OF  ACCLIMATIZATION  TO  ALTITUDE 


Method 

D02 

Reference 

Sea  Level 

Acclimatized 

Residents 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

2 

5rf 

A 
B 

35.2(25.3-46.8) 
(20-30) 

36.5(25.4-43.8)1 
702.3 

48.0(41.5-65.3)1 

1 
2 

/I/  Altitude  13,000  feet  at  Cerro  di  Pasco,    Peru.     /2/  At  20,000  feet  after  22  days  in  low-pressure  chamber  fnllow- 
ing  gradual  ascent.     /3/  One  subject. 

Contributors:    Bartels,    H.,   and  Opitz,    E. 

References:    [1)    Barcroft,   J.,   "The  Respiratory  Function  of  the  Blood,"  vol    1.    London:     Cambridge  University 
Press,    1925.    (2)    Houston,   C.  S.,   and  Riley,    R.  L.,   Am.  J.  Physiol.   149:565,    1947. 
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54.    ALVEOLAR-CAPILLARY  DIFFUSION:    MAN 

Part  I:     PULMONARY  CAPILLARY  O2  PRESSURE 

Mixed  venous  blood  enters  the  pulmonary  capillaries  with  p02  of  40  mm  Hg.    Blood  normally  requires  about  0.7  5 
seconds  to  pass  through  the  capillaries,   at  the  end  of  which  time  its  p02  has  risen  to  almost  100  mm  Hg.    The  p02 
of  arterial  blood  is  lower  because  of  venous-to-arterial  shunts. 


p02  mm  Hg 
100 


80  — 


Alveolar  p02 


60  — 


40  -1 


I      Pulm. 
^^  ~  Artery 


Pulm. 
Veins 


Systemic 
Arteries 


0.15 


0.30 


0.45 


0.60 


0.75 


I  -^     Time  (sec)  in  pulm.  capillaries       — 


Reference:    Comroe,   J.  H.,   Jr.,    Forster,    R.  E..   11,   DuBois,   A.  B.,  Briscoe,    W.  A.,   and  Carlsen,    E.,   "The  Lung, 
Chicago:    The  Year  Book  Publishers,   Inc.,    1956. 

Part  II:     END-  AND  MEAN  CAPILLARY  O2  PRESSURE 

The  graphic  and  tabular  presentation  illustrates  different  rates  at  which  venous  blood  may  be  oxygenated  in  pulmo- 
nary capillaries,    depending  upon  the  diffusing  capacity  of  the  lung.    Alveolar  p02  in  each  case  is  100  mm  Hg. 


p02  mm  Hg 
100 


80  — 


Alveolar  p02 


60 


40 


Diffusing 
Capacity 

End-capUlary 
p02 

Mean  Capillary 
p02 

for02 

Gradient 

mm  Hg 

Gradient 

mm  Hg 

A         27.7 

<0.01 

99.99 

9 

91 

B 

16.6 

<0.1 

99.9 

15 

85 

C 

9.1 

4.0 

96.0 

27.5 

72.5 

D 

6.4 

18.6 

81.4 

39 

61 

0.15  0.30  0.45  0.60  0.75 

Time  (sec)  in  pulm.  capillaries     — 


Reference:    Comroe,   J.  H.,   Jr.,   Forster,   R.    E.,   II,   DuBois,   A.    B.,    Briscoe,   W.  A.,   and  Carlsen,   E.,   "The  Lung, 
Chicago:    The  Year  Book  Publishers,   Inc.,    1956. 
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55.    DYNAMICS  OF  PULMONARY  CIRCULATION:    MAN,   DOG 


Pressure, 

mm  Hgl 

Blood 
Flow 
L/rain 

Condition 

Arterial 

Venous^ 

Reference 

SystoUc 

Diastolic 

Mean 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Man 


1 

Resting^ 

25 

14 

18 

6.0 

1 

2 

Resting^ 

14 

7.1 

2 

3 

Resting^ 

25 

11 

16 

5.4 

3 

4 

Resting 

23 

9 

15 

9 

7.4 

4 

5 

Resting 

16 

7 

5.5 

5 

6 

Exercise,    supine^ 

15 

10.4 

2 

7 

Exercise,   supine 

21 

10 

9.6 

6 

8 

Exercise,    standing^ 

26 

9 

16 

12.0 

1 

9 

Hypoxia 

20 

7 

5.5 

5 

10 

Hypoxia^ 

26 

12 

18 

8 

8.0 

7 

11 

Saline  infusion^ 

Drug  effect,    intravenous 

23 

16 

6.7 

8 

12 

Epinephrine^ 

19 

7 

7.9 

9 

13 

Norepinephrine 

28 

11 

21 

15 

4.5 

10 

14 

Tetraethylammoniura  chloride 
Disease  patterns 

15 

10 

4.7 

11 

15 

Emphysema,    mild^ 

29 

12 

18 

5.5 

12 

16 

Emphysema,   severe^ 

43 

16 

28 

5.6 

12 

17 

Cor  pulmonale,   with  hypoxia^ 

43 

19 

28 

5.4 

12 

18 

Cor  pulmonale,   with  hypoxia 

35 

9 

5.4 

13 

19 

Cor  pulmonale,    with  congestive 
failure^ 

74 

39 

52 

7.4 

12 

20 

Primary  pulmonary  hypertension^ 

101 

47 

66 

2.9 

14 

21 

Left  ventricular  failure 

45 

30 

3.5 

4 

22 

Mitral  stenosis 

51 

29 

4.3 

15 

23 

Mitral  stenosis 

68 

33 

47 

28 

4.0 

16 

24 

Mitral  insufficiency 

15 

12 

5.9 

17 

25 

Mitral  stenosis  and  insufficiency 

36 

23 

3.8 

17 

26 

Aortic  stenosis  and  insufficiency 

29 

16 

5.0 

18 

27 

Chronic  constrictive  pericarditis 
Atrial  septal  defect 

36 

22 

26 

20 

4.3 

19 

28 

Left  to  right  shunts^ 

38 

12 

23 

134 

16.5 

20 

29 

Left  to  right  shunts^ 
Atrial  septal  defect 

31 

14 

21 

8 

18.0 

4 

30 

Right  to  left  shunts3 

96 

53 

68 

94 

2.6 

20 

31 

Right  to  left  shunts^ 

88 

59 

73 

3.5 

21 

32 

Patent  ductus  arteriosus 

43 

19 

29 

12.2 

22 

33 

Patent  ductus  arteriosus 

34 

17 

28 

14 

19.0 

4 

34 

Patent  ductus  arteriosus^ 

46 

23 

31 

7.7 

23 

35 

Patent  ductus  arteriosus^ 

36 

12.4 

24 

36 

Tetralogy  of  Fallot 

8 

4 

6 

2.5 

25 

37 

Pulmonic  stenosis 

24 

10 

17 

11 

5.4 

a 

38 

Eisenmenger  syndrome 

120 

65 

87 

8 

3.3 

4 

39 

Eisenmenger  syndrome 

86 

3.5 

a 

40 

Ventricular  septal  defect^ 

37 

10.3 

24 

41 

Ventricular  septal  defect 

35 

20 

27 

5.7 

a 

Dog 

42 

Resting^ 

18 

10 

2.3 

26 

43 

Resting 

17 

4 

3.2 

27 

44 

Hypoxia,    moderate^ 

22 

84 

2.4 

26 

45 

Hypoxia,    moderate 

26 

44 

3.8 

27 

46 

Hypoxia,   severe 

26 

94 

8.1 

26 

IM  Zero  point  =  10  cm  anterior  to  back  in  man;  zero  point  =  back  in  dog.  /2/  Pulmonary  "capillary"  mean  pres- 
sure used  except  where  indicated.  /3/  Pressure  approximately  corrected  to  10  cm  zero  point.  /4/  Pulmonary 
venous  or  left  atrial  mean  pressure.     /5/  Anesthetized. 
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55.    DYNAMICS  OF  PULMONARY  CIRCULATION:    MAN,    DOG  (Concluded) 

Contributor:    (a)  Gorlin,   R. 

References:    [  l]    Riley,   R.  L.,   Himmelstein,   A.,   Motley,   H.  L.,   Weiner,   H.  M.,   and  Cournand,   A.,   Am.  J. 
Physiol.  152:372,    1948.    [2]    Hickam.   J.  B.,    and  Cargill,    W.  H.,   J.  Clin.  Invest.  27:10,    1948.    [3]    Cournand.    A., 
Circulation  2:641,    1950.    [4]    Dexter,   L.,   Dow,   J.  W.,   Haynes,   F.  W.,   Whittenberger,   J.  L.,   Ferris,   B.  G., 
Goodale,   W.  T.,   and  Hellems,   H.  K.,   J.  CUn.  Invest.  29:602,    1950.    [5]    Westcott.   R.  N.,   Fowler,   N.  O.,   Scott. 
R.    C,    Hauenstein,    V.    D.,    and   McGuire,    J.,    ibid   30:957,    1951.      [6]     Dexter,    L.,    Whittenberger,    J.    L.. 
Haynes.   F.  W.,   Goodale.   W.  T..   Gorlin.   R..   and  Sawyer,    C.  G.,   J.  Appl.  Physiol.  3:439,    1951.    [7]    Doyle,   J.  T., 
Wilson,   J.  S.,   and  Warren,   J.  V.,   Circulation  5:263,    1952.    [8]    Doyle,  J.  T.,   Wilson,   J.  S.,    Estes.   E.  H..   and 
Warren.   J.  V.,   J.  CUn.  Invest.  30:34  5,    1951.    [9]    Witham,   A.  C,   and  Fleming,  J.  W.,   ibid  30:707,    1951. 
[10]    Fowler,   N.  O.,   Westcott,    R.  N.,   Scott,    R.  C.   and  McGuire.   J.,   ibid  30:517.    1951.    [  llT  Fowler.   N.  O., 
Westcott,   R.  N.,   Hauenstein,   V.  D.,   Scott,    R.  C,   and  McGuire,   J.,   ibid  29:1387,    1950.    [12]    Harvey,   R.  M., 
Ferrer,   M.  1.,   Richards.    D.  W..   Jr..   and  Cournand,   A.,   Am.  J.  Med.  1£:719,    1951.    [13]  Dexter,    L., 
Whittenberger,   J.  L.,   Gorlin,    R.,   Lewis,   B.  M.,   Haynes,   F.  W.,   and  Spiege.   R.  J..   Trans.  Ass.  Am.  Physicians 
64:226.    1951.    [14]    Dresdale.    D.  T.,   Schultz.    M..   and  Michtom,   R.    J.,   Am.   J.    M.   _U:686,    1951.      [15]     Gorlin, 
R.,   Haynes,   F.  W..   Goodale,    W.  T.,   Sawyer,   C.  G.,   Dow,  J.  W.,   and  Dexter,    L.,   Am.    Heart  J.    41_:30,    1950. 
[16]     Lukas,   D.    S.,   and   Dotter,    C.    T.,   Am.   J.    M.   j^:639,    1952.      [17]     Gorlin,   R.,   Lewis,   B.    M.,   Haynes, 
F.  W.,   and  Dexter,    L..    Am.  Heart  J.  43:357.    1952.    [18]    Gorlin.   R..    Matthew.   M.  B..    MacMiUen.   I.  K..    Daley, 
R..   and  Medd.   W.  E.,   Ann.  Mtg.  Brit.  Cardiac  Soc,    May  21,    1953.    [19]    Sawyer,   C.  G..   Burwell.   C.  S.,   Dexter, 
L.,    Eppinger,    E.  C,   Goodale,    W.  T.,   Gorlin,   R.,   Harken,   D.  E.,   and  Haynes,   F.  W.,   Am.   Heart  J.   44:207,   . 
1952.    [20]    Hickam,   J.  B..   ibid  38:801,    1949.    [21]    Handelsman,   J.  C.   Bing.   R.  J..   Campbell,   J.  A.,   and 
Greswold,   H.  E.,   Johns  Hopkins  Hosp.  BuU.  82:615,    1948.    [22]  Taylor,    B.  E..    PoUack.   A.  A..    Burchell,   H.  B., 
Clagett,   O.  T.,   and  Wood,    E.  H.,   J.  Clin.  Invest.  29:745.    1950.    [23]    Cournand,   A.,    Baldwin.   J.  S..   and 
Himmelstein,   A.,    "Cardiac  Catheterization  in  Congenitad  Heart  Disease."  Commonwealth  Fund.    New  York. 
[24]     Wood.    P.,    Brit.    M.   J.    2:639,    1950.      [25]    Bing.   R.  J.,   Vandam.   L.  D.,   and  Gray.   F.  D..   Jr..   Johns 
Hopkins  Hosp.  Bull.  80:323.    1947.    [26]    Lewis,   B.  M..   and  Gorlin,   R.,   Am.  J.  Physiol.  170:574,    1952. 
[27]    Stroud,    B.  C,   and  Rahn,   H.,   ibid  172:211,    1953. 
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56.     BLOOD  GASES,    VARIABLES,    FACTORS,    AND  CONSTANTS:     MAN 
The  values  from  which  this  table  has  been  synthesized  are  in  many  instances  derived  by  calculation    from  basic  as- 
sumptions,  factors,   and  constants,    and  do  not  have  the  same  validity  as  measured  values.    Those  for  females  arc  in 
general  less  well-founded  than  those  for  males.      A  =  arterial  blood,  V  =  mixed  venous  blood. 


Whole  Blood 

ml  Gas 
in 

ml  Gas 

in 

Blood 
Gas 

ml  Gas  in 

ml  Gas  in 

ml  Gas  in 

Factors 

Variable 

Blood 

Sex 

100  ml 

cf  45.0  ml 

cC  55.0  ml 

100  ml 

100  ml 

Pressure 

and 

Whole 

9  40.0  ml 

9  60.0  ml 

RBC 

Plasma 

(Tension) 

Constants 

Blood 

RBC 

Plasma 

(In  Contact)' 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 
2 

Oxygen  capacity^ 

20.4 
18.0 

45.3 
45.33 

A-V  O2  Diii. 

A 

tf 

20.3 

20.1 

0.142 

44.7 

0.258 

94 

i 

5.00 

4 

Total  oxygen 

? 

17.9 

17.7 

0.155 

44.7 

0.258 

943 

4.20 

5 

V 

cf 

15.3 

15.2 

0.060 

33.9 

0.110 

40 

6 

? 

13.7 

13.6 

0.068 

34.4 

0.113 

41 

0O2  CeUs"* 

QO2  Plasma* 

A 

tf 

0.285 

0.144 

0.142 

0.319 

0.258 

94 

/ 

8 

Free  oxygen 

9 

0.282 

0.126 

0.156 

0.319 

0.258 

943 

0.0258 

0.02089 

9 

V 

d 

0.122 

0.061 

0.061 

0.136 

0.110 

40 

10 

¥ 

0.124 

0.055 

0.068 

0.139 

0.113 

41 

Hb02  Sat.% 

A 

cf 

20.0 

20.0 

0 

44.4 

0 

94 

11 

98 

12 

Combined  oxygen 
(HbO^) 

? 

17.6 

17.6 

0 

44.4 

0 

943 

98 
73.5 

13 

V 

cf 

15.2 

15.2 

0 

33.6 

0 

40 

14 

? 

13.6 

13.6 

0 

34.3 

0 

41 

74.5 

TTfT.S 

A 

cf 

49.0 

16.2 

32.8 

1 

36.0 

59.6 

41 

lb 

1.217 

4.1 

16 

Total    carbon- 
dioxide 

9 

48.0 

13.6 

34.4 

34.3 

57.0 

39 

1.187 
1.201 

3.4 

17 

V 

<f 

53.1 

18.0 

35.1 

40.1 

63.8 

46 

18 

? 

51.4 

14.9 

36.5 

37.7 

60.4 

43 

1.175 

aCO^CeUs' 

aC02  Plasma' 

A 

rf 

2.62 

1.06 

1.56 

2.36 

2.84 

41 

ly 

20 

Free  carbon- 
dioxide 

9 

2.53 

0.89 

1.64 

2.25 

2.72 

39 

0.4399 

0.5311 

21 

V 

cf 

3.00 

1.21 

1.79 

2.69 

3.25 

46.5 

22 

? 

2.78 

0.96 

1.82 

2.44 

3.01 

43 

pH  Cells 

pH  Plasma 

A 

cf 

46.4 

15.1 

31.2 

33.6 

56.8 

41 

2J 

7.19 

7.40 

24 

Total  combined 
carbon-dioxide 

? 

45.5 

12.7 

32.8 

32.1 

54.3 

39 

7.20 
7.17 

7.40 

25 

V 

cf 

50.1 

16.8 

33.3 

37.4 

60.5 

46.5 

7.37 

26 

? 

48.6 

14.0 

34.7 

35.3 

57.4 

43 

7.18 

7.38 

A 

rf 

2.2 

1.7 

0.4 

3.9 

0.8 

41 

"c"  Cells" 

"c"  Plasma" 

27 

0.115 

0.014 

28 

Carbarn  ino 

carbon- dioxide 

? 

1.9 

1.5 

0.5 

3.7 

0.8 

39 

0.116 
0.154 

0.014 

29 

V 

a 

3.1 

2.6 

0.5 

5.8 

0.8 

46.5 

0.014 

30 

9 

2.7 

2.2 

0.5 

5.5 

0.8 

43 

0.156 

0.014 

31 

A 

cf 

44.2 

13.4 

30.8 

29.8 

56.0 

41 

32 

Bicarbonate 
carbon- dioxide 

9 

43.6 

11.2 

32.3 

28.3 

53.5 

39 

33 

V 

cf 

47.0 

14.2 

32.8 

31.6 

59.7 

46.5 

34 

9 

46.0 

11.8 

34.2 

29.8 

56.6 

43 

Nitrogen 

A.  V 

9 

0.979 
0.970 

0.494 
0.437 

0.484 
0.534 

1.099 
1.103 

0.881 
0.884 

572 
574 

aN2  CeUs' 

0N2  Plasma' 

ib 
3i 

0.0146 

0.0117 

/I/  100  ml  RBC  in  contact  with  plasma,   and  100  ml  plasma  in  contact  with  RBC.     /2/  O2  capacity  =  g  Hb  x  1.36. 
This  factor  based  on  hemoglobin  Fe  content  of  0.339%.     /3/  Assumed  to  be  equal  to  the  value  for  males.     /4/  ml  O2 
dissolved  in  100  ml  human  RBC  =  100  x  0.0258  x  O2  pressure/760;  ml  O2  dissolved  in  100  ml  horse  plasma  =  100  x 
0.02089  x  O2  pressure/760.     /5/  Plasma  CO2  =  "f"  x  blood  CO2;  "f"  depends  upon  pH,   O2  capacity,   and  Hb02  satura- 
tion per  cent,     lb/  Arterio-venous  CO2  difference  calculated  as  A-V  O2  difference  x  standard  resting  respiratory 
quotient  of  0.82.     /7/  ml  CO2  (including  H2CO3)  dissolved  in  100  ml  RBC  =  0.4399  x  100  x  CO2  pressure/760.     For 
plasma,    substitute  0.5311  instead  of  0.4399.     18/  The  values  of  the  factor  "c"  are  provisional,   as  other  factors  under- 
lying it  have  not  in  every  instance  been  determined  for  human  blood.    Combined  CO2  x  "c"  =  carbamino  CO2  in  100  ml 
of  red  blood  corpuscles  or  plasma.     For  cells,    "c"  is  calculated  from  K'/Kgarbamino  '"  0-315  for  Hb02,    0.11  for 
reduced  Hb)  and  the  mEq  of  Hb  (=  2.05  x  20.0  mM  Hb  for  male  arterial  cells,   2.08  x  20.0  for  female  arterial  cells, 
1.99  X  14.7  and  1.55  x  5.3  for  male  venous  cells,    2.02  x  14.9  and  1.57  x  5.1  for  female  venous  cells),   and  for  plasma, 
"c"  is  calculated  from  K'/Kcarbamino  ('  l-^)  ^"'^  'he  mEq  of  plasma  proteinate(=  17.0).     /9/  ml  N2  dissolved  in 
100  ml  RBC  =  0.0146  x  100  x  N2  pressure/760.     For  plasma,    substitute  0.0117  for  0.0146. 

Contributors:    (a)  Barron,    D.  H.,   (b)  Bing,    R.  J.,   (c)  Com  roe,   J.  H.,   Jr.  (d)  Cournand,   A.,   (e)  Drabkin,    D.  L., 
(f)  Hickam,   J.  B.,   (g)  Kirk,   J.  E.,   (h)  Lambertsen.   C.  J.,   and   Kough,    R.    H.,    (i)  Otis,   A.  B.,   (j)  Penrod,   K.  E., 
(k)  Singer,    R.  B.,   (1)  Singer,   R.  B.,   and  Hastings,   A.  B.,   (m)  Van  Slyke,    D.  D.,    (n)  Wood,    E. 

Reference:    Albrilton,    E.  C    "Standard  Values  in  Blood,"  Philadelphia:    W.  B.  Saunders  Co.,  1952  (adapted  from 
Table  94). 
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57.    ARTERIAL  AND  VENOUS  BLOOD  GAS  COMPARISONS:    MAN.  ADULT  AND  NEWBORN 

In  the  adult,   A  =  arterial  blood  from  femoral  or  brachial  artery;  V  =  venous  blood  from  internal  jugular  vein,   unless 
otherwise  indicated;  all  values  for  males,   under  resting  conditions.    In  the  newborn  (before  first  breath),   where  the 
oxygenated  blood  goes  from  the  placenta  to  the  fetus  via  the  umbilical  vein,   A  =  arterial  blood  from  vena  umbilicalis, 
V  =  venous  blood  from  arteria  umbilicalis.    Methods:    A-R  =  calculated  from  alkali  reserve,   Henderson  nomogram, 
and  CO2  content;  D-M  =  potentiometric  measurement  with  the  dropping- mercury  electrode;  G-E  =  measurement  with 
glass  electrode;  H-H  =  calculated  from  the  Henderson-Hasselbalch  equation,   using  6.10  for  pK';  P-A  =  calculated 
from  pH  and  arterial  CO2  content  converted  to  plasma  CO2  content  by  use  of  the  Henderson-Hasselbalch  equation; 
R-C  =  Van  Slyke-Neill  manometric  method  with  Roughton  corrections  for  O^  capacity;  V-N  =  Van  Slyke-Neill  mano- 
metric  method.    Values  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range  (of  Introduction). 


Blood 

Adult 

Newborn 

Measurement 

Subjects 
no. 

Method 

Value 

Subjects 
no. 

Method 

Value 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 
2 

O2  pressure, 
mm  Hg 

A 

vi 

59 
9 

D-M 
D-M 

93.0(80.0-104.0) 
39.4(29.5-48.5) 

50 
47 

D-M 
D-M 

24.4(13.5-34.0) 
10.4(1.2-19.0) 

C-E,  1;F-H,  2 
C-E.  3;F-H,  2 

3 
4 

O2  content, 
vol  % 

A 
V 

50 
50 

V-N 
V-N 

19.6(17.3-22.3) 
12.9(11.0-16.1) 

24 
19 

V-N 
V-N 

10.6(5.6-17.9) 
2.9(0.4-8.4) 

C-E.4;F-H,2 
C-E,4;F-H,  2 

5 

6 

O2  capacity, 
vol  % 

A 
Vl 

46 
9 

R-C 

V-N 

20.2(16.8-22.9) 
4.2(3.2-5.8)2 

24 

18 

V-N 
V-N 

22.2(17.2-26.2) 
7.2(2.1-12.5)2 

C-E,  5;F-H,  2 
C-E.  3;F-H,  2 

7 
8 

O2  satura- 
tion,   % 

A 
V 

46 
50 

R-C 

V-N 

96.2(93.5-97.5) 
61.8(55.3-70.7) 

24 
18 

V-N 
V-N 

47.7(25.7-73.8) 
13.9(2.4-37.6) 

C-E.  5;F-H.  2 
C-E.  4;F-H,  2 

9 

10 

CO2  pres- 
sure, mmHg 

A 
V 

50 
50 

P-A 
P-A 

39.9(36.2-44.9) 
49.9(46.9-54.3) 

11 
9 

A-R 

A-R 

44.9(35.0-60.0) 
59.2(43.5-68.0) 

C-E,  4;F-H,  2 
C-E.  4;F-H,  2 

11 
12 

CO2  content, 
vol  % 

A 
V 

50 
50 

V-N 
V-N 

48.2(44.6-50.2) 
54.8(51.0-57.7) 

23 
19 

V-N 
V-N 

40.9(31.2-51.8) 
48.0(37.4-55.2) 

C-E.  4;F-H,  2 
C-E.4;F-H.  2 

13 
14 

pH 

A 
V 

50 
50 

G-E 
G-E 

7.424(7.374-7.455) 
7.37(7.32-7.40) 

U 
9 

H-H 
H-H 

7.32(7.23-7.41) 
7.25(7.14-7.37) 

C-E.4;F-H,  2 
C-E,4;F-H,  2 

/I/  Mixed  venous  blood  from  pulmonary  artery.     /2/  Arterio- venous  O2  difference. 


Contributors:    Bartels,   H.,   and  Opitz,    E. 


References:    [  l]    Bartels,    H..   and  Rodewald.   G.,    Pflugers  Arch.  256: 1 13,    1952.    [2]    Beer.    R.,   Bartels,   H.,  and 
Raczkowski,   H.  A.,   ibid  260:306,    1955.    [3]    Bartels,   H.,    Beer,   R.,    Fleischer,   E.,   Hoffheinz,   H.  J.,   Krall.   J.. 
Rodewald.   G..    Wenner.   J.,   and  Witt.    I.,   ibid  261:99,    1955.    [4]    Gibbs,   E.  L.,    Lennox.    W.  G.,   Nims,    L.  F.,   and 
Gibbs,   F.  A.,   J.  Biol.  Chem.   144:325,    1942.    fTT  Douglas,   J.  C,   and  Edholm.   O.  G..   J.  Appl.  Physiol.  2:307.    1949. 
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58.     ARTERIO-VENOUS  O2  AND  CO2  DIFFERENCES;     MAN.    DOG,    MONKEY 

Single  observation  on  each  subject,   unless  otherwise  specified.    All  blood  gases  measured  by  raanometric  method 
of  Van  Slyke  and  Niell  [  l],   with  the  exception  of  Line  6,   Column  D  (measured  by  method  of  Roughton  and 
Scholander  [  2]).    Values  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range,    unless  otherwise  specified  (cf 
Introduction). 


Animal 


Subjects 


Physiologic  State 


A-V          I         V-A         I     Metabolic              Blood 
O2                     CO2          I          Rate                    Flow             Reference 
vol  %         I       vol  %        I  ml  02/min  I  ml/ 100  g/min  


(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


(H) 


Systemic' 


1 

Man 

24-2 

Rest 

4.4 
(3.0-5.8)b 

3 

2 

63 

Rest 

3.9 

3 

3 

3 

Rest,    control 

3.8 
(3.6-4.2) 

126 
(111-147) 

4 

4 

3 

Exercise,   mild^ 

7.3 
(6.2-7.6) 

406 
(269-512) 

4 

5 

3 

Exercise,   mild* 

10.2 
(9.2-11.6) 

812 
(700-912) 

4 

6 

Dog 

20 

Pentothal,    light 

4.2 
(3.4-5.0)b 

4.1 
(3.7-4.5)b5 

5 

7 

9 

Pentobarbital 

4.1 
(2.3-6.3) 

6 

Cerebral'' 

8 

Man 

14' 

Rest,   normal 

6.3 
(3.9-8.7)b 

6.4 

3.3 
(2.4-4.2)t> 

54 
(36-72)b8 

7 

9 

8 

Pentothal  seminarcosis 

6.2 
(5.6-7.0) 

6.1 
(5.0-7.1) 

Normal 

Normal^ 

8 

10 

Monkey 

11 

Pentobarbital 

8.0 
(6.0-10.1) 

8.0 
(6.0-10.7) 

3.7 
(2.5-4.5) 

47 
(33-74)8 

9 

11 

Dog 

5 

Pentobarbital 

9.1 
(5.3-15.1) 

10 

Coronary^ 

12 

Dog 

20 

Pentothal 

13.1 
(12.0-14.2)b 

12.6 
(11.2-14.0) 

5 

13 

9 

Pentobarbital 

13.4 
(12.1-15.8) 

8.0 
(5.6-14.4) 

60 
(45-107)10 

6 

/I/  Venous  samples:    Lines  1  and  2,   right  auricle  or  ventricle  via  catheter;  Lines  3-7,   pulmonary  artery  via 
catheter.    Arterial  samples:    all  from  brachial  or  femoral  artery.     /2/  Thirteen  normal  males  and  1 1  male  patients 
with  normal  cardiovascular  function.     /3/  Female  patients  with  normal  cardiovascular  function.    1 41  Intensity  of 
exercise  indicated  by  corresponding  metabolic  rates.     /5/  Represents  only  10  observations.     /6/  Venous  samples: 
Lines  8  and  9,   jugular  bulb  via  needle  puncture;  Line  10,   cannulation  of  both  internal  jugulars;  Line  11,   sagittal 
sinus  via  cannula.     /7/  Thirty-four  observations.     /8/  Measured  by  method  of  Kety  and  Schmidt  [  11].    /9/  Venous 
samples:     Lines  12  and  13,    catheterization  of  coronary  sinus.     /lO/  Measured  by  an  adaptation  of  the  nitrous  oxide 
method  of  Kety  and  Schmidt  [11]. 


Contributor:    Hegnauer,  A.  H. 


References:    [  l]    Van  Slyke,    D.  D.,   and  Niell,   J.  M.,   J.  Biol.  Chem.  6|:523,    1924.    [2]    Roughton,    F.  J.,   and 
Scholander.    P.  F.,   ibid  218:541,    1943.    [3]    Cournand,   A.,   Riley,    R.  L.,    Breed,    E.  S.,    Baldwin,    E.  de  F.,   and 
Richards,    D.  W.,   Jr.,   J.  Clin.  Invest.  24:106,    1945.    [4]    Riley,    R.  L.,    Himmelstein,   A.,    Motley,   H.  L.,    Weiner, 
H.  M.,   and  Cournand,   A.,    Am.  J.  Physiol.   1^:372,    1948.    [5]    Goodale,    W.  T.,    Lubin,    M.,    Eckenhoff,   J.  E., 
Hafkenschiel,   J.  H. ,   and  Banfield,    W.  G.,   Jr.,    ibid  152:340,    1948.    [6]    Eckenhoff,   J.  E.,   Hafkenschiel,   J.  H., 
Foltz,    E.  L.,   and  Driver,    R.  L.,   ibid  1^2:545,    1948~T'']    Kety,   S.  S. ,   and  Schmidt,   C.  F.,   J.  Clin.  Invest.  27:476, 
1948.    [8]    Kety.   S.  S.,    Woodford,   R.  B.,    Harmel,    M.  H.,    Freyhan,    F.  A.,   Appel,   K.  E.,   and  Schmidt,    C.  F.,   Am. 
J.  Psychiat.   1M:765,    1947-48.    [9]    Schmidt,    C.  F.,    Kety,    S.  S.,   and  Pennes,   H.  H.,   Am.  J.  Physiol.  143:33.    1945. 
I  10]    Lougheed,    W.  M.,   and  Kahn.    D.  S.,   J.  Neurosurg.  _11;22<>.    1955.    [U]    Kety,    S.  S.,   and  Schmidt,    C.  F..   Am. 
J.  Physiol.  143:53,    1945. 
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59.    ARTERIO- VENOUS  LACTATE  AND  PYRUVATE  DIFFERENCES  IN  VARIOUS  STRUCTURES:     MAN 
Methods:      C  =  colorimetric,   highly  specific,    greatly  delayed  collection  technique  [  1  ];  D  =  distillation,   relatively 
high  (non-specific),   delayed  collection  technique  [2,3];   E  =  colorimetric,   extremely  rapid  collection  [  1,4];   F  = 
colorimetric,  fairly  rapid  collection  [  1,5);   M  =  colorimetric,  not  arterio-venous  but  arm  vein  minus  hepatic  vein, 
directional  value  only  [  1,6] ;   R  =  fairly  specific,  extremely  rapid  collection;  S  =  specific,  moderately  rapid  collec- 
tion [  5,6]  ;   U  =  unknown  collection  technique,   analysis  completely  specific   (chromatographic);   Y  =  very  specific, 
extremely  rapid  collection  [4].     All  values  taken  in  state  of  complete  rest.      Values  in  parentheses  are  ranges, 
estimate  "b"  of  the  95%  range  (cf  Introduction). 


Structure 

Lactate 

Pyruvate 

Lactate-  Pyruvate 

Refer- 

mM/L 

Method 

mM/L 

Method 

Ratio 

Method 

ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

Concentrations 


1 

Artery 

1.100 

D 

7 

2 

0.887 

C 

8 

3 

0.667 

F 

9 

4 

0.670 

F 

5 

5 

0.618(0.464-0.772) 

E 

0.142(0.044-0.240) 

Y 

4.24(3.36-5.12) 

E,  Y 

10 

6 

0.144 

S 

11 

7 

Vein,  arm 

1.110 

D 

12 

8 

1.450 

D 

13 

9 

1.540 

D 

14 

10 

1.222(0.514-1.930) 

F 

0.119(0.021-0.217) 

S 

10.12(8.18-12.06) 

F,  S 

10 

11 

1.130 

D 

0.088 

S 

13.20 

D,  S 

15 

12 

0.116 

R 

9.30 

R 

16 

13 

0.073(0.041-0.105) 

u 

17 

14 

11.3 

D.S 

15 

A-V  Differences! 

15 

Forearm 

-0.110(-0.154  to  -0.066) 

F 

18 

16 

-0.l64(-0.238  to  -0.090) 

E 

-0.025(-0.139  to  +0.089) 

Y 

-0.44(-0.74to-0.14) 

E,Y 

19 

17 

Leg 

-0.237(-0.405  to  -0.069) 

E 

-0.030(-0.158  to  +0.098) 

Y 

-0.49(-1.01  to+0.03) 

E.  Y 

19 

18 

Brain 

-0.178(-0.288  to  -0.068) 

D 

-0.025(-0.063  to  +0.013) 

S 

7 

19 

Heart 

+0.300 

F 

+0.045 

S 

20 

20 

+0.574(-0.406  to  +1.554) 

E 

+0.054(-0.020  to  +0.128) 

Y 

+0.54(+0.32to+0.76) 

E.Y 

19 

21 

Splanchnic 

-0.280 

M 

+0.050 

M 

-6.51 

M 

21 

22 

Uterus, 
pregnant 

+0.350 

E 

+0.072 

Y 

+2.40 

E.Y 

19 

III  Venous  concentration  algebraically  subtracted  from  arterial  concentration,  i.e.,  negative  values  indicate  output 

by  the  various  structures. 

Contributor;    Huckabee,    W.  E. 

References:    [  l]    Barker,   S.  B.,   and  Summerson,   W.  H.,   J.  Biol.  Chera.  JJ8:535,    1941.    [2]    Edwards,    H.  T.,   ibid 

IZb^.bll.    1938.    [3]    Friedemann.   T.  E.,   Cotonio,    M.,   and  Shaffer,    P.  A.,   ibid  73:335,    1927.    [4]    Huckabee,    W.  E., 

J.  Appl.  Physiol.  2:163,    1956.    [5]    Friedemann,   T    E.,   and  Haugen,   G.  E.,   J.  Biol.  Chem.   1_44:67,    1942. 

16]    Friedemann,   T.  E.,   and  Haugen,   G.  E.,   ibid  M7:415,    1943.    [7]    Gibbs.    E.  L.,    Lennox,    W.  G.,   Nirams.   L.  F., 

and  Gibbs,    F.  A.,   ibid  M4:325,    1942.    [8]    Bay,    E.,    Barron,   E.  S.,   Adams,   W.,   Case,   T.,    Halstead,   W.  C, 

Ricketts,   H.  T.,    Committee  on  Medical  Research,   Office  of  Scientific  Research  and  Development,   Rept.  No.  344, 

1944.    [9]    Decker.    D.  G.,   and  Rosenbaum,   J.  D.,   Am.  J.  Physiol.  \1&:1 .    1942.    [10]    Huckabee,    W.  E.,   J.  CUn. 

Invest.  21:255,    1958.    [ll]    Himwich,   W.  A.,   and  Himwich,   H.  E.,   J.  Neurophysiol.  9:1 33.    1946.    [12]    Bock,   A.  V., 

Dill,   D.  B.,   and  Edwards,    H.  T.,   J.  Clin.  Invest.   12:775,    1932.    [13]    Weiss,    S.,   and  Ellis,    L.  B.,   Arch.  Int.  M. 

55:665,    1935.    [14]    Hallock,   P.,   J.  Clin.  Invest.   1J:385,    1939.    [15]    Friedemann,   T.  E.,   Haugen,   G.  E.,   and 

Kmieciak,   T.  C,   J.  Biol.  Chera.  J_57:673,    1945.    [16]    Bueding,    E.,   and  Goldfarb,    W.  J.,   ibid  141^:539,    1940. 

[17]    Seligson,   D.,    McCormick,   G.  J.,   and  Sborov,   V.,   J.  Clin.  Invest.  31^:661 ,    1952.    [18]    Andres,   R.,   Cader,   G., 

and  Zierler,   K.  L.,   ibid  35:671,    1956.    [19]    Huckabee,   W.  E.,   unpublished.    [20]    Goodale,   W.  T.,   Olson.   R.  E., 

and  Hackel,   D.  B.,    Fed.  Proc.  9:49.    1950.    [21]  Mendeloff.   A.  I.,   J.  Clin.  Invest.  33:1298,    1954. 

60.     ARTERIO-VENOUS  POSTABSORPTIVE  GLUCOSE  DIFFERENCES:     MAN 
Values  are  rag/100  ml.    Those  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range  (cf  Introduction). 


Observations 

Arterial  Blood 

Venous  Blood 

A-V  Difference 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

3 
4 

lOOl 
63 
103 
165 

88.4(78-97)2 
91.5(72-121)4 
85.0(68-108)4 
99.0(93-105)4 

83.9(74-95) 
89.0(67-121) 
77.0(66-89) 
98.0(87-105) 

4.5(1-13) 
2.5(0-4) 
9.0(-l  to  +34) 
1.0(-2  to  +7) 

1 
2 
2 
3 

/I/  Copper  iodoraetric  analysis  on  zinc  sulfate-barium  hydroxide  filtrate;  anticoagulant  =  potassium  oxalate- 

sodium  fluoride;  accuracy  =  1  mg/100  ml.     /2/  Finger-tip  blood,   demonstrated  to  be  arterial  in  character. 

/3/  Analytical  method  and  accuracy  not  stated.     /4/  Radial  artery.     /5/  Analytical  method  of  Folin  and  Wu  (1920). 

Contributor:    Hegnauer,   A.  H. 

References:    (  l]    Soraogyi,    M.,   J.  Biol.  Chem.  174:189, 

1927.    [3]    Foster,   G.  L.,   J.  Biol.  Chera.  55:291,    1923. 


1948.    [2]    Rabinowitch,   I.  M.,    Brit.  J.  Exp.  Path.  8:76. 


59 


61. 


BLOOD  LACTATE  VENOUS  LEVELS  IN  CONDITIONS  OF  REST, 
EXERCISE,  AND  HYPERVENTILATION;  MAN 


Data,   except  for  Lines  4  and  7,   were  obtained  on  tungstic-acid  filtrate  via  KMn04  oxidation  to  aldehyde,  and 
titration  of  bound  aldehyde  by  iodine.    Data  for  Line  4:    through  conversion  to  aldehyde  by  concentrated  H2SO4,   and 
color  formation  with  para-phenyl  phenol.     Data  for  Line  7:    by  oxidation  with  KMn04  and  measured  as  CO2  mano- 
metrically  in  Van  Slyke  apparatus.    Values  are  expressed  in  mg/100  ml.    Values  in  parentheses  are  ranges,   esti- 
mate "c"  of  the  95%  range  (cf  Introduction). 


Observations 

Restl 

Exercise 

Hyperventilation 

Altitude^ 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Zbi 

12.0(8.4-16.6) 

1 

2 

114 

11.7(9.0-16.0) 

12.6(8.6-25.4)5 

2 

3 

6 

12.5(10.0-16.9) 

17.8(11.8-22.0)6 

1 

4 

6 

19.0(5.0-45.0) 

77.0(53.0-86.0)7 

3 

5 

1 

10.7 

38.78 

4 

6 

1 

10.7 

139.59 

4 

7 

6 

13.2(5.2-21.6) 

157.0(145.0-174.0)10 

5 

8 

6 

10.1(8.1-13.6) 

27.6(21.3-35.7)1' 

2 

9 

1 

8.2 

I6.2I2 

4 

/!/  At  sea  level.     /2/  At  22,000  ft.  /3/  On  9  subjects  on  different  days;  day-to-day  variations  may  reach  t25%  of 
mean.     /4/  On  3  subjects  in  good  physical  condition,   walking  3.5-8.6  mph.     /5/  Only  the  subject  walking  at  8.6  mph 
showed  rise  in  blood  lactate  (to  25.4  mg%).     /6/  Increases  in  3  subjects,   walking  4.5-5.25  mph.     /7/  Severity  of 
exercise  not  stated.     /8/  Jogging  at  6.48  mph.     /9/  Running  at  8.8  mph.     /lO/  Samples  taken  4-10  min  sifter  440-yd 
run  by  untrained  subjects.    Samples  at  1-2  min  show  only  124  mg%,   indicating  that  following  strenuous  exercise 
blood  lactate  continues  to  rise  for  3-6  min.     /ll/  Hyperventilation  to  alveolar  pCO^  of  11-15  mm  Hg.     /1 2/  Simu- 
lated altitude  reached  without  supplementary  O2  in  1  hr  (no  acclimatization);  approximately  linear  rise  in  blood 
lactate  starting  at  10,000  ft. 

Contributor:    Hegnauer,   A.  H. 

References:    [  l]    Cook,   L.  C,   and  Hurst,   R.  H..   J.  Biol.  Chera.  79:443,    1933.    [2]    Bock,   A.  V..    Dill,   D.  B.,   and 
Edwards.   H.  T.,   J.  Clin.  Invest.   nilTS,    1932.    [3]    Hummel,   J.  P.,   J.  Biol.  Chem.  180:1225,    1945. 
[4]     Friedemann,   T.    E.,   Haugen.   G.  E.,   and  Kmieciak,   T.  C,   ibid  157:67  3,    1945.  "[Tl    Laug,    E.  P.,   Am.  J. 
Physiol.   107:687,    1934. 
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ARTERIO-VENOUS  LACTATE  DIFFERENCES  IN  CONDITIONS  OF  REST, 
EXERCISE,    AND  HYPERVENTILATION:     MAN 


Values  are  expressed   in   mg/100   ml. 
Introduction). 


Values   in  parentheses  are   ranges,   estimate   "c"   of  the  95%  range   (cf 


Observations 

Arterial  Blood 

Venous  Blood 

A-V  Difference! 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

RestZ 

1 
2 

7 
6 

12.6(9.7-16.3)3 
14.1(11.7-16.2)3 

12.5(9.0-14.7)4 
14.4(10.2-18.0)5 

0 
0 

1 
1 

Exercise6 

3 

4 

27 
18 

65.2(58.6-71.8)3 
75.83 

68.5(62.1-74.8)4 
74.84 

-3.3 
09 

1 
1 

Hyperventilation!  0 

5 

6 

21.5(11.9-27.7)11 

27.6(21.3-35.7)1^ 

-6.1(0  to  -15.7) 

2 

HI  A-V  differences  given  as  zero  unless  statistically  significant,   or  greater  than  analytical  error.     /2/  Day-to-day 

variations  in  resting  venous  level  may  range  from  7-25%  of  mean.     /3/  Femoral  artery.     /4/  Femoral  vein. 

/5/  Jugular  bulb,     lb/  Standing- running  at  full  speed  for  1  min.     /7/  Blood  samples  taken  within  3  min  after  exercise. 

181  Blood  samples  taken  5  rain  after  exercise.     191  1  mg  difference  may  be  real  and  indicate  that  removal  rate  at  5 

min  exceeds  production  rate.    /lO/  Hyperventilation  to  alveolar  pCO^  of  11-15  mm  Hg.    /ll/  Radial  artery. 

/12/  Arm  vein. 

Contributor:    Hegnauer,   A.  H. 

References:    [1]    Cook,   L.  C,   and  Hurst.    R.  H.,   J.  Biol.  Chem.  79:443,    1933.    [2]    Bock,   A.  V.,    Dill,    D.  B.,   and 
Edwards,   H.  T.,  J.  Clin.  Invest.  11:775,    1932. 
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63.    ARTERIO- VENOUS  GLUCOSE  DIFFERENCES  AS  INFLUENCED  BY  ALIMENTARY  HYPERGLYCEMIA:     MAN 

Non-glucose  reducing  substances  are  reported  as  glucose  with  the  exception  of  Lines  7-12  where  the  analytical 
method  employed  excludes  non-glucose  reducing  substances.    The  values  presented  in  Lines  7-12  are,   therefore, 
accurate  reflections  of  true  blood  glucose  and  A-V  differences. 


„  .  .      .                Observation! 
Subjects                        . 

Arterial 
Blood 

Venous 
Blood 

A-V 
Difference 

Reference 

(A)                            (B) 

(C) 

(D) 

(E) 

(F) 

25  g  Glucose 

1 

62                                          0 

91.5(72-121)                       89(67-121) 

2.5(0-5) 

1 

2 

0.5 

218(188-258)                      165(149-180) 

53(32-80) 

1 

50  g  Glucose 

3 

103 

0 

85(68-108) 

77(66-89) 

9(-l  to +34) 

2 

4 

0.5 

126(98-158) 

106(78-128) 

21(8-50) 

2 

5 

1 

101(74-144) 

88(63-128) 

13(-1  to  +30) 

2 

6 

2 

86(68-124) 

79(62-125) 

7(-7  to  +17) 

2 

100  g  Glucose 

7 

164 

0 

91(83-102)!' 

86(75-98) 

5(1-13) 

3 

8 

0.5 

160(133-189)5 

126(96-150) 

34(20-53) 

9 

1 

142(95-190)5 

108(71-140) 

34(18-55) 

10 

2 

122(100-165)5 

96(70-142) 

26(11-34) 

11 

3 

102(64-144)5 

85(50-131) 

17(3-35) 

12 

4 

82(57-119)5 

73(53-94) 

9(1-25) 

13 

76 

0 

101(94-105) 

101(93-105) 

0(-l  to  +4) 

14 

0.5 

183(147-214) 

140(110-163) 

43(27-81) 

15 

1 

158(118-190) 

109(81-134) 

49(28-81) 

16 

2 

120(106-144) 

86(61-107) 

34(26-45) 

17 

3 

103(94-108) 

87(80-98) 

16(10-28) 

100  g  Galactose 

18 

36 

0 

96(95-96) 

95(93-97) 

1(-1  to  +2) 

19 

0.5 

148(126-174) 

133(117-153) 

15(9-21) 

20 

1 

182(152-218) 

162(142-182) 

20(12-36) 

21 

2 

238(212-278) 

221(195-261) 

17(16-17) 

22 

3 

186(180-197) 

187(173-215) 

-2(-18  to  +9) 

23 

4 

110 

109 

1 

100  g  Fructose 

24 

46 

0 

99(93-103) 

98(87-105) 

l.l(-2  to  +6) 

4 

25 

0.5 

122(107-139) 

101(76-130) 

22(9-45) 

4 

26 

1 

118(112-125) 

97(79-116) 

21(9-33) 

4 

27 

2 

112(109-114) 

103(96-109) 

9(5-13) 

4 

28 

2.5 

105(98-109) 

90(84-100) 

15(8-25) 

4 

70-100  g  Starch 

29 

2b 

0 

98(95-100) 

95(93-96) 

3(-l  to  +7) 

4 

30 

0.5 

158(151-166) 

119(118-120) 

35(23-46) 

4 

31 

1 

146(140-152) 

102(98-107) 

44(42-45) 

4 

32 

2 

105(91-119) 

81(76-86) 

24(15-33) 

4 

/!/  After  ingestion.     /2/  Glycosuric  subjects,   but  without  clinical  signs  or  symptoms  of  diabetes;  method  not  stated. 
in  Modification  of  method  of  Benedict  (1925).     /4/  Copper  iodometric  analysis  of  zinc  sulfate-barium  hydroxide 
precipitates  of  whole  blood;  anticoagulant  =  potassium  oxalate- sodium  fluoride;  accuracy  =  1  mg/100  ml.    Normal 
subjects.    Rated  abnormal  and  therefore  excluded:    subjects  with  arterial  peaks  exceeding  190  mg/100  ml.    with 
venous  peaks  exceeding  150  mg/ml.   and  in  whom  use  continued  into  second  hr.     /5/  Finger-tip  blood,   demonstrated 
to  be  arterial  with  respect  to  glucose  content.     /6/  Method  of  Folin  and  Wu  (1920).    Since  "time"  coordinates  of 
original  data  did  not  correspond,    in  all  cases,    to  those  employed  in  this  table,   data  of  individual  experiments  were 
plotted  and  curves  drawn.    Values  for  desired  times  after  sugar  ingestion  were  taken  from  the  plotted  curves; 
tabulated  data  are  means  and  ranges  of  these  values. 

Contributor:    Hegnauer,    A.  H. 


References: 
Thalheimer 
I  4]    Foster, 


[1]  Rabinowitch,  I.  M..  Brit.  J.  Exp.  Path.  8:76,  1927.  [2]  Friedenson,  M. 
E.  J.,  and  Peters,  J.  P.,  J.  Biol.  Chera.  80:269,  1928.  [3]  Somogyi,  M.  J., 
G.  L.,    ibid  55:291,    1923. 


Rosenbaum,    M.  K.. 
ibid  174:189,    1948. 
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64.     EFFECT  OF  TEMPERATURE  CHANGE  ON  BLOOD  CO2  AND  O2  PRESSURES:    MAN,  DOG 

These  line  charts  illustrate  the  effect  of  changes  in  temperature  on  CO2  and  O^  tensions  in  human  or  dog  blood 
sealed  in  an  anaerobic  environment.    The  values  are  applicable  to  either  in  vitro  or  in  vivo  conditions.    Error 
increases  progressively  as  pH  and  temperature  deviate  from  standard  values  of  7.4  and  37°C  respectively. 

AT  =  temperature  change  in  °C. 


CO, 


O2 


AT 


P  cool 


P  warm 
0  — 1—     1.00 


.99 


AT 


P  cool 


0.5 


2       — 


6       — I 

7 

8 

9 
10 
11 


12 


.98 

.97 
.96 
—  .95 
.94 
.93 
.92 

.91 
.90 
.89 
.88 
.87 
.86 
.85 


.80 


—      .75 


-   —       .70 


.65 


.60 


P  warm 

0    — M—    1.00 


_   -       .99 


0.5    — 


7 

8 

9 
10 
1  1 
12 
13 


.98 
.97 

.96 
.95 
.94 
.93 
.92 
.91 
.90 


.85 


—     .80 


.75 


.70 


.65 


.60 


—      .55 


.50 


Contributor:    Severinghaus,  J.  W. 
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65.    TEMPERATURE  AND  pH  VS  SERUM  pK':     MAN,    DOG 


This  nomogram  allows  for  calculation  of  serum  pK'  for  carbonic  acid  in  man  and  dog  when  pH  and  temperature  are 
known.    Mean  pK'  at  37.50C  and  pH  7.40  =  6.090. 


Temp 
°C 


45  — 


pK' 


pH 


40- 


35  — 


30- 


•b.OO 


-6.02 


.8.0 


6.04 


.b-Ofc 


.i.a 


6.08 


6.10 


6.12 


6.11 


.l.b 


.T.* 


25 


20_ 


15  — 


10  — 


•  b.lfe 


6.18 


.1.2 


.1.0 


6.28 
6.30 


J.  Appl.  Physiol.  9:197,    1956. 


Contributor:    Severinghaus,   J.  W. 

Reference:    Severinghaus,   J.  W.,    Stupfel,    M..   and  Bradley,   A.  F. 

66.    H2CO3  DISSOCIATION  CONSTANTS:    MAN,  DOG,  OX 
The  first  apparent  dissociation  constants  of  H2CO3  are  the  same  for  man,  dog,  and  ox.    Methods  used  were  gasoraet- 
ric  or  glass  electrode.    Values  in  parentheses  are  ranges,  estimate  "c"  of  the  95%  range  (cf  Introduction). 


Medium 

Temp,  "C 

Dissociation  Constant 

Reference 

(A) 

(B) 

(C) 

(D) 

I 

Plasma,   pH  7.4 

37 

6.09(6.088-6.098)1 

1 

Serum 

2 

Normal 

20 

6.183(6.163-6.208) 

2 

3 

Normal 

38 

6.11(6.097-6.122) 

2-4 

4 

Nephritis 

38 

(6.108-6.134) 

2-4 

RBC 

5 

Reduced 

37 

5.982 

3 

6 

Oxidized 

37 

6.043 

3 

HI  Range  varies  with  pH  (7.6-7.1).     /2/ Variation  with  pH;  pK'  =  7.27  5-0. 1  8  pH.    /  3/ Variation  with  pH; 

pK'  =  7.120-0.18  pH. 

Contributors:    Bartels,    H.,   and  Opitz,    E. 

References:    [  I]    Wiesinger,   K.,    Rossier,    P.  H.,    Saboz,    E..   and  Sampholo,   G.,   Helvet.    physiol.  pharra.  acta 

7:(suppl.C)  28,    1949.    [2]    Cullen,   G.  E.,   Keeler,   H.  R.,   and  Robinson,   H.  W.,   J.  Biol.  Chem.  66:301,    1925. 

[3]    Dill,    D.  B.,    Daly,   C,   and  Forbes,    W.  H..   ibid  IT?: 569,    1937.    [4]    Hastings,   A.  B.,   Sendroy,   J..   Jr.,   and 

Van  Slyke,    D.  D..    ibid  79:183,    1928. 
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67.    BLOOD  CO2  ABSORPTION  AS  FUNCTION  OF  CO2  PRESSURE:    MAN 


Data  are  for  normal  blood  at  temperatures  corrected  to  37°C.  [l]      Values  for  oxygenated  blood  are  means  of  values 
in  the  literature,   the  100%  range  being  approximately  ±  5  ml  gas  per  100  ml  blood;  other  data  are  calculations  based 
upon  these  means.  [2-11]    Major  factors  which  influence  CO^  absorption  include  state  of  oxygenation,   temperature, 
hemoglobin  concentration,   and  alkali  reserve.  [1,6-9,11-13] 


PC02 

Reduced  (R) 
Oxygenated  (O) 

Total  CO2 
vol  % 

Free  CO^' 

vol  % 

Total  Combined  CO, 
vol  % 

Plasma'' 

mm  Hg 

Whole  ^ 
Blood 

RBC'* 

Plasma 

Whole 
Blood 

RBC 

Plasma 

Whole 
Blood 

RBC 

Plasma 

PH 

(A) 

(B) 

<C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

1 

2 

10 

R 
0 

32.9 
27.6 

24.0 
17.8 

39.8 
35.1 

0.64 
0.64 

0.58 
0.58 

0.70 
0.70 

32.3 

27.0 

23.4 
17.2 

39.1 
34.4 

7.86 
7.80 

3 
4 

20 

R 
0 

42.3 

36.8 

31.5 
25.3 

50.8 
46.0 

1.29 
1.29 

1.16 
1.16 

1.40 
1.40 

41.0 
35.5 

30.3 
24.1 

49.4 

44.6 

7.66 
7.61 

5 
6 

30 

R 
0 

48.8 
43.2 

37.2 
30.1 

58.1 
53.6 

1.94 
1.94 

1.74 
1.74 

2.10 
2.10 

46.9 
41.3 

35.5 
28.4 

56.0 
51.5 

7.54 
7.50 

7 
8 

40 

R 
0 

54.1 
48.5 

42.4 
35.5 

63.8 
59.1 

2.58 
2.58 

2.32 
2.32 

2.80 
2.80 

51.5 
45.9 

40.1 
33.2 

61.0 
56.3 

7.45 
7.41 

9 
10 

50 

R 
0 

58.6 
52.8 

46.7 
39.3 

68.6 
63.9 

3.22 
3.22 

2.90 
2.90 

3.50 
3.50 

55.4 
49.6 

43.8 
36.4 

65.1 
60.4 

7.38 
7.35 

11 
12 

60 

R 
0 

62.6 
56.7 

50.7 
42.8 

72.6 
68.1 

3.87 

3.87 

3.47 
3.47 

4.20 
4.20 

58.7 
52.8 

47.2 
39.3 

68.4 
63.9 

7.32 
7.29 

13 
14 

70 

R 
0 

66.6 
60.5 

54.7 
46.8 

76.6 
72.0 

4.52 
4.52 

4.05 
4.05 

4.90 
4.90 

62.1 
56.0 

50.7 
42.7 

71.7 
67.1 

7.27 
7.25 

15 
16 

80 

R 
0 

70.2 
63.9 

58.6 
50.1 

80.1 
75.5 

5.16 
5.16 

4.63 

4.63 

5.60 
5.60 

65.0 
58.7 

54.0 
45.5 

74.5 
69.9 

7.23 
7.21 

III  Calculated  by  equation:  [  H2CO3]    =  100QpCO2/760.   where  [H^COsJ   =  vol  %  of  free  CO^,   and  alpha  is  the  solu- 
bility coefficient  for  CO2  with  the  values  at  37°C  of  0.490  for  whole  blood,   0.440  for  cells,   and  0.531  for  plasma. 
[  13-15]     HI  Includes  both  HCO3-  and  NHCOO^  as  the  rounded  difference  between  total  and  free  CO2.     /3/  Reduced 
blood  values  calculated  from:    [  C02]0  +  [  C02]b  =  [  CO2IR,   where   [  C02]0  =  total   CO2   of  oxygenated   blood   at  a 
given  CO2  pressure,   [  C02]b   =  average  increase  in  bound  CO2  with  complete  reduction,   and  (  C02]R  =  total  CO2 
of  reduced  blood.  [2-12]      /4/  For  cells  in  contact  with  plasma  at  equilibration.    Calculations  based  upon  assumed 
mean  cell  volume  of  45  ml/100  ml  arterial  blood  (corrected  for  pH  and  oxygenation),   and  derived  by  equation: 
[C02]c  =  ([C02]b-[C02lp  x  [l-h])  1/h,   where  CO2  is  in  ml/ 100  ml  of  cells  (c),  blood  (b),  or  plasma  (p),  and  h  is  the 
cell  volume  as  a  decimal  fraction  of  blood  volume  for  any  given  pH  and  oxygenation.  [  13,  16-18]    /5/  For  plasma  in 
contact  with  cells  at  equilibration.    Calculations  are  based  upon  CO2  of  whole  blood  using  "f"  values  of  Van  Slyke, 
Sendroy,   and  Liu,   and  an  estimated  O2  capacity,    pH,   and  state  of  oxygenation.    O2  capacity  estimated  from  CO2 
absorption  curve  of  oxygenated  whole  blood  using  Cartesian  nomogram  of  Henderson,    Bock,   Dill  and  Edwards. 

Plasma  CO2  =  [  C02]b  x  "f".    [  18,  19]     /6/   Calculated  from  equation:    pH  =  pKj  +  logt  '''°^J^7q|^cO^  P?22.  where 

[  CO2JP  is  total  vol  %  of  plasma  CO2,   and  0.0699  (the  factor,   op/7.6)  expresses  dissolved  CO2  in  vol  %  of  plasma. 
pK|,   taken  as  equal  to  6.11  at  37°C,   is  the  Hastings,   Sendroy,   and  Van  Slyke  average  for  human  serum  at  38°C  plus 
a  temperature  correction  of  0.005  at  37°C.  [13,  15,  20] 
Contributor:    Root,    R.  W. 

References:    [  l]    Eisenmann,   A.  J.,   J.  Biol.  Chem.  99:359,    1932.    [2]    Means.   J.  H. 
33:201,    1921.    [3]    Liljestrand,   G.,   and  Linhard,   J.,   J.  Physiol., 

L. ,    ibid  54:32,    1920-21.     [  5] 
Dill,   D.  B.,    Vancaulaert,    C. 

1927.    [7]    Parsons,   T.  R.,   J.  Physiol.,    Lond.  51^:440,    1917. 
S.,   ibid  48:244,    1914.    [9]    Joffe,   J.,   and  Poulton,    E.  P., 
Hall,   F.  G.,   and  Robinson,    S.,   J.  Biol.  Chem.  136:449,1940. 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  O2  DISSOCIATION  CURVES 

Lowest  oxygen  tension,   in  mm  Hg,   at  which  respiratory  blood  pigment  (hemoglobin,   unless  otherwise  indicated)  is 
95%  or  more  saturated,   is  referred  to  as  tension  of  saturation:  that  at  which  the  pigment  is  50%  saturated  (i.e.,  when 
unoxygenated  pigment  equals  oxygenated  pigment)  is  called  the  tension  of  half- saturation  and  indicated  as  "t.  2  sat." 
The  tension  of  half- saturation  for  a  specific  pigment  establishes  the  upper  limit  of  tissue  oxygen  tension  and  the 
lower  limit  of  environmental  oxygen  for  the  function  of  that  pigment.    When  per  cent  saturation  is  plotted  as  ordinate 
against  oxygen  pressure  as  abscissa,  the  "position"  (O^  pressure  required  to  produce  50%  saturation)  of  the  resultant 
dissociation  curves  differs  from  species  to  species,   and  varies  greatly  within  the  same  species  with  changes  in  pH, 
temperature,   and  dilution.    The  "shape"  is  not  affected  by  these  factors,   in  that  the  curves  may  be  superimposed 
upon  each  other  by  multiplying  p02  (t.  j  sat.)  of  standard  curve  for  man  by  a  suitable  factor  "f"[  ij.    This  is  true 
only  as  a  first  approximation,   for  certain  fish  show  some  change  in  shape  with  changes  in  PCO2,   and  sheep  hemo- 
globin at  low  O2  pressures  has  definite  changes  in  shape  as  pH  is  varied  [  2]  .    The  figure  below  illustrates  dissocia- 
tion curves  for  two  animals  whose  blood  has  a  low  affinity  for  oxygen,   i.e.,   a  high  t.  j  sat.  (pigeon,   crocodile),   and 
for  two  others  (arenicola,    eel)  showing  a  high  affinity  and  low  t.  j  sat.    In  the  tables  below,   values  in  brackets  are 
calculated  "f"  factors. 
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Oxygen  Pressure,    mm  Hg 

Part  I;    MAN 


80 


90 


P02 

mm  Hg 

% 
Saturation 

pH 

Temperature 
°C 

PCO2 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

3.7 

5.0 

7.40 

37.0 

47.4 

A-E  3;  F  4,    5 

2 

8.2 

10.0 

7.40 

37.0 

47.0 

A-E  3;  F  4,    5 

3 

10.9 

15.0 

7.40 

37.0 

46.6 

A-E  3;  F  4,    5 

4 

13.4 

20.0 

7.40 

37.0 

46.2 

A-E  3;  F  4,    5 

5 

17.9 

30.0 

7.40 

37.0 

45.3 

A-E  3;  F  4,    5 

6 

22.0 

40.0 

7.40 

37.0 

44.6 

A-E  3;  F  4,    5 

7 

26. 3I 

50. Ol 

7.40I 

37. Ol 

43.81 

A-E  3;  F  4,    5 

8 

31.1 

60.0 

7.40 

37.0 

43.0 

A-E  3;  F  4,    5 

9 

36.1 

70.0 

7.40 

37.0 

42.2 

A-E  3;  F  4,    5 

10 

45.7 

80.0 

7.40 

37.0 

41.5 

A-E  3;  F  4,    5 

11 

51.7 

85.0 

7.40 

37.0 

41.1 

A-E  3;  F  4,    5 

12 

61.4 

90.0 

7.40 

37.0 

40.7 

A-E  3;  F  4,    5 

13 

80.0 

95.0 

7.40 

37.0 

40.3 

A-E  3;  F  4,    5 

14 

113.0 

98.0 

7.40 

37.0 

40.0 

A-E  3;  F  4,    5 

/I/  Standard  reference  condition  with  an  "f"  factor  taken  as  [  1.00]  . 

Part  II:     MAMMALS 


Animal 

t.  J  sat. 
mm  Hg 

pH 

Temperature 
OC 

PCO2 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 
2 
3 
4 

Man  I  1.48] 
Man  [1.35] 
Man  [1.22] 
Man  [l.U] 

(39.0)1 
(35.5)1 
32.2 
29.2 

7.00 
7.10 
7.20 
7.30 

37.0 
37.0 
37.0 
37.0 

142 
110 
84 
60 

A-D  3;  E  4,    5 
A-D  3;  E  4,    5 
A-D  3;  E  4,    5 
A-D  3;  E  4,    5 

/I/  Values  in  parentheses  are  calculated.    In  calculations  at  370C,   pH  =  6.15  +  log- j  .". — '-rrr;. — ^. 

where  6.15  and  0.0290  are  the  pK'  and  CO2  factors,   respectively,   for  whole  blood. 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  O^  DISSOCIATION  CURVES  (Continued) 

Values  in  brackets  are  calculated  "f"  factors. 
Part  U:    MAMMALS  (Continued) 


Animal 

t.  i  sat. 
mm  Hg 

pH 

Temperature 
°C 

pC02 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

5 

Man  [  1.00] 

26.3 

7.40 

37.0 

44 

A-D  3;E4,  5 

6 

Man  [0.90] 

23.5 

7.50 

37.0 

31 

A-D  3;E4,  5 

7 

Man  [0.80] 

21.0 

7.60 

37.0 

22 

A-D  3;E4,  5 

8 

Man  [0.71] 

(18.5)1 

7.70 

37.0 

15 

A-D  3;E4,  5 

9 

Man  [0.29] 

7.4 

7.40 

10.0 

6 

10 

Man  [0.47] 

12.4 

7.40 

20.0 

6 

11 

Man  [0.74] 

19.6 

7.40 

30.0 

(48)1 

A-D  6;E6,  7, 

8 

12 

Man  [1.00] 

26.3 

7.40 

37.0 

(44)1 

A-D  6;E6,  7, 

6 

13 

Man  [1.14] 

30.0 

7.40 

40.0 

(42)1 

A-D  6;E6,  7, 

8 

14 

Man,   at  work  [  l.OO] 

26.5 

7.40 

37.5 

34 

9 

15 

Man,   at  altitude,    5400  m  [0.97] 

29.0 

7.40 

37.5 

29 

10,  11,  12 

16 

Man,   terminal  nephritis  [  1.14] 

30.0 

7.11 

37.5 

7 

13 

17 

Man,   terminal  nephritis  [  1.79] 

47.0 

6.83 

37.5 

40 

13 

18 

Man,   pernicious  anemia  [  1.18] 

31.0 

7.40 

37.5 

48 

14 

19 

Man,   diabetic  coma  [  1.03] 

27.0 

7.40 

37.5 

2 

15 

20 

Man,   diabetic  coma  [  1.25) 

33.0 

6.86 

37.5 

40 

15 

21 

Man,   diabetic  coma  [  1.33] 

35.0 

7.40 

37.5 

3 

15 

22 

Man,   diabetic  coma  [  1.52] 

40.0 

6.92 

37.5 

40 

15 

23 

Cat  [1.44] 

38.0 

7.40 

37.0 

16 

24 

Cat  [1.33] 

35.0 

7.40 

37.0 

44 

17 

25 

Cat 

50.0 

6.80 

18 

26 

Dog  [  1.06] 

28.0 

7.40 

37.5 

38 

J9 

27 

Dog  (Canis  familiaris) 

29.4 

7.10 

37.0 

18 

28 

Dog2 

0.6 

7.00 

20.0 

20 

29 

Dog2 

0.5 

9.20 

20.0 

20 

30 

Fox 

(21)1 

10 

18 

31 

Fox  (Vulpes  fulva) 

37.0 

37.5 

40 

18 

32 

Goat  (Capra  hire  us),    adult 

28-33 

38.0 

50 

21 

33 

Goat,   fetal 

25.0 

38.0 

50 

21 

34 

Goat,    maternal 

40 

38.0 

50 

21 

35 

Horse  [  1.03] 

27.0 

7.40 

37.5 

50 

22 

36 

Horsed 

3.7 

7.00 

37.0 

23 

37 

Horse^ 

3.4 

7.200 

37.0 

23 

38 

Horse^ 

3.2 

7.40 

37.0 

23 

39 

Horsed 

1.5 

7.40 

30.0 

23 

40 

Horse^ 

1.1 

7.40 

27.0 

23 

41 

Horse^ 

0.5 

7.40 

20.0 

23 

42 

Horse^ 

0.3 

7.40 

17.0 

23 

43 

Llama  (Lama  huanachus  glaraa)   [0.76] 

20.0 

7.40 

39.0 

24 

44 

Llama  (L.  peruana) 

22.0 

38.0 

43 

18 

45 

Marmot 

23.8 

38.0 

40 

18 

46 

Mouse  (Mus  musculus) 

72.0 

38.0 

40 

18 

47 

Ox  [  1.13] 

29.8 

(7.40)1 

37.0 

29.8 

25 

48 

Ox2 

0.6 

7.00 

19.0 

20 

49 

Ox2 

0.5 

9.20 

19.0 

20 

50 

Peccary  [  I.IO] 

29.0 

7.40 

37.0 

25 

51 

Porpoise  (Phocaena  phocaena)  [  1.14] 

30.0 

38.0 

46 

26 

52 

Rabbit  [1.20] 

31.6 

7.40 

38.6 

32 

24 

53 

Rat  [1.52] 

40.0 

7.40 

37.0 

16 

54 

Rat,   kangaroo  (Dipodomys  spectabilis) 

[1.93] 

51.0 

37.0 

40 

27 

55 

Rat,   white  (Rattus  norvegicus)  [2.13] 

56.0 

37.0 

40 

27 

56 

Sea  lion  (Eumetopiaes  stelleri)  [  1.52] 

40.0 

38.0 

44 

28 

57 

Seal 

25 

10 

18 

58 

Seal  (Phoca  vitulina) 

31 

38.0 

40 

18 

59 

Seal,   harbor  (P.  vitulina)  [  1.06] 

28.0 

37.0 

40 

29 

HI  Values  in  parentheses  are  calculated.    In  calculations  at  37°C,  pH  =  6.15  +  log ^    " — ^:rj=j ^. 

where  6.15  and  0.0290  are  the  pK'  and  CO^  factors,  respectively,  for  whole  blood.  /2/  Myoglobin  (myohemoglobin, 
muscle  hemoglobin).  Oxygen  dissociation  curves  of  myoglobin  are  rectangular  hyperbolas  and  are  defined  by  giving 
p02  for  50%  saturation. 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  O2  DISSOCIATION  CURVES  (Continued) 

Values  in  brackets  are  calculated  "f"  factors. 
Part  U:    MAMMALS  (Concluded) 


Animal 

t.  i  sat. 

pH 

Temperature 

pCOz 

Reference 

mm  Hg 

°C 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

60 

Sheep  [1.48] 

39.0 

(7.40)1 

37.0 

25 

61 

Sheep  (Ovis  aries) 

37.0 

39.0 

40 

18 

62 

Sheep,  diluted  blood  and  Hb 

3.0 

9.30 

19.0 

0.015 

17 

63 

Sheep2 

0.5 

9.20 

20.0 

20 

64 

Swine  [1.28] 

33.7 

(7.40)1 

37.0 

25 

65 

Vicuna  (Lama  vicugna)  [0.69] 

18.0 

7.40 

39.0 

24 

66 

Viscacha  (Lagostomus  sp)  [0.99] 

26.0 

7.40 

38.6 

28 

24 

/I/  Values  in  parentheses  are  calculated.    In  calculations  at  37°C.   pH  =  6.15  +  log ^  -  — Wyr — =. 

where  6.15  and  0.0290  are  the  pK'  and  CO2  factors,  respectively,  for  whole  blood.  /2/  Myoglobin  (myohemoglobin, 
muscle  hemoglobin).  Oxygen  dissociation  curves  of  myoglobin  are  rectangular  hyperbolas  and  are  defined  by  giving 
pO^  for  507o  saturation. 


Part 

UI:    BIRDS 

Animal 

t.  1  sat. 

pH 

Temperature 
°C 

pCOz 

Reference 

mm  Hg 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Chicken  [1.98] 

51 

7.14 

40.0 

37 

30 

2 

Chicken 

58 

38.0 

31 

31 

3 

Chicken  (Callus  domesticus) 

52 

7.10 

37.5 

32 

4 

Chicken,   Hb  solution  [2.35] 

62.0 

7.10 

37.0 

32 

5 

Chicken,   Hb  solution  [  1.58] 

41.7 

7.40 

37.0 

32 

6 

Chicken,   Hb  solution  [1.12] 

29.5 

7.70 

37.0 

32 

7 

Crow 

53.0 

42.0 

40 

33 

8 

Duck 

45 

7.10 

37.5 

31,32 

9 

Duck  (Anas  sp) 

42.0 

37.5 

40 

18,33 

10 

Duck,   domestic  [  1.71] 

45 

37.0 

32 

11 

Duck,   muscovy  [  1.48] 

39.0 

37.0 

32 

12 

Duck,   muscovy,   Hb  solution  [  2.20] 

58.0 

7.10 

37.0 

32 

13 

Goose 

37.5 

42.0 

50 

33 

14 

Goose 

45.0 

7.10 

37.5 

18 

15 

Goose 

(24)1 

10 

18 

16 

Goose 

35.7 

40 

18 

17 

Goose,  domestic  [  I.64] 

43.0 

37.0 

32 

18 

Goose2 

0.7 

9.20 

20.0 

20 

19 

Huallata  (Chloephaga  melanoptera) 

33.0 

7.35 

40.0 

24 

20 

Ostrich  (Rhea  americana) 

26.0 

7.35 

40.0 

24 

21 

Pheasant 

50.0 

7.10 

37.5 

18 

22 

Pheasant,   ringnecked  [  1.82] 

48.0 

37.0 

32 

23 

Pigeon 

35.0 

37.5 

40 

17,  34 

24 

Pigeon 

40.0 

7.10 

37.5 

18 

25 

Pigeon,   domestic  [  1.48) 

39.0 

37.0 

32 

26 

Pigeon,  domestic 

44.0 

40.0 

32 

III  Values  in  parentheses  are  calculated.  In  calculations  at  370C, 


u      <.  ic  X  1      ('°'al  CO,)  -  0.0290  pCO, 
P"  =  ^-'5  *  '°^ 0.0^290  pCOz 


where 


6.15  and  0.0290  are  the  pK'  and  CO^  factors,  respectively,  for  whole  blood.  /2/  Myoglobin  (myohemoglobin,  muscle 
hemoglobin).  Oxygen  dissociation  curves  of  myoglobin  are  rectangular  hyperbolas  and  are  defined  by  giving  pOz  for 
50%  saturation. 

Part  rV:    REPTILES 


Animal 

t.  i  sat. 
mm  Hg 

pH 

Temperature 
°C 

pCOz 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E> 

(F) 

1 
2 
3 

4 

AUigator 
Alligator 
Alligator  (Alligator  mississippiensis) 

[1.06] 
Chuckwalla  (Sauromalus  obesus) 

[0.91] 

11 
28 

28.0 

24.0 

7.60 
7.60 

29.0 
20.0 

10 

40 

42.0 
37.0 

18 

18 

35 
36 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  O^  DISSOCIATION  CURVES  (Continued) 


Values  in  brackets  are  calculated  "f"  factors. 


Part  IV:    REPTILES  (Concluded) 


Animal 

t.  5  sat. 

pH 

Temperature 
°C 

pC02 

Reference 

mm  Hg 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

5 

Chuckwalla  (S.  obesus)  [2.36] 

62.0 

37.0 

(55)1 

36 

6 

Crocodile  (Crocodilus  acutus)  [  l.O] 

26.0 

(7.40)1 

29.0 

(50)1 

37 

7 

Crocodile  (C.  acutus)  [2.0] 

53.0 

(7.40)1 

37.0 

(45)1 

37 

8 

Crocodile  (C.  acutus) 

38.0 

7.20 

29.0 

37 

9 

Gila  monster  (Heloderma  suspectum) 

[1.22] 

32.0 

7.40 

20.0 

36.0 

38 

10 

Gila  monster  (H.  suspectum)  [2.24] 

59.0 

7.40 

37.0 

(32)1 

38 

11 

Gila  monster  (H.  suspectum) 

31.0 

7.32 

20.0 

37.0 

b 

12 

Tortoise  (Terrapene  Carolina)^ 

12.0 

7.40 

25.5 

18 

13 

Turtle  (Caretta  caretta)^ 

28.5 

7.40 

25.5 

18 

14 

Turtle  (Chelonis  mydras)^ 

19.0 

7.40 

25.5 

18 

15 

Turtle  (Chelydra  serpentina)^ 

14.0 

7.40 

25.5 

39,40 

16 

Turtle  (Pseudemya  concinna)  [0.77] 

20.0 

25.0 

40.0 

41 

17 

Turtle  (P.  elegans) 

28.0 

25.0 

27.0 

18 

18 

Turtle  (P.  scripta)2 

15.8 

7.40 

25.5 

18 

19 

Turtle  (P.  troostii) 

26.0 

25.0 

34.0 

18,42 

20 

Turtle,   painted  (Chrysemis  picta)^ 

15.0 

7.40 

25.5 

18 

III  Values  in  parentheses  are  calculated.    In  calculations  at  370C,   pH  =  6.15  +  log'^°'^^  ^'^n  V  °  rn^  ^^'^^, 
where  6.15  and  0.0290  are  the  pK'  and  CO^  factors,    respectively,   for  whole  blood.    /2/  Hemoglobin    solutions. 


Part  V: 

AMPHIBIANS 

Animal 

t.  1  sat. 

pH 

Temperature 
OC 

pCOz 

Reference 

mm  Hg 

ram  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Congo  eel  (Amphiuma  tridactyla) 

[1.14] 

30.0 

26.0 

43.0 

43 

2 

Frog  (Rana  esculenta) 

11.0 

1-2 

18 

3 

Frog  (R.  esculenta) 

17.0 

10.0 

18 

4 

Frog  (R.  esculenta) 

49.0 

10.0 

18 

5 

Frog  (R.  catesbiana),   adultl 

26.0 

7.38 

25.4 

44 

6 

Frog  (R.  catesbiana),   adultl 

13.5 

7.40 

20.0 

45 

7 

Frog  (R.  catesbiana),    larva' 

6.0 

7.38 

25.4 

44 

8 

Frog  (R.  catesbiana),    larva' 

4.6 

7.32 

20.0 

45 

9 

Frog  (R.  catesbiana),   tadpole' 

5.0 

6.80 

44 

10 

Toad  (Bufo  sp)' 

30.0 

7.38 

25.4 

18.46 

11 

(Amphiuma  sp)' 

15.0 

7.38 

25.4 

43,46 

12 

(Cryptobranchus  sp)' 

18.0 

7.38 

25.4 

18,46 

13 

(Desmognathus  sp)' 

5.0 

7.38 

25.4 

18,46 

14 

(Triturus  sp)' 

7.5 

7.38 

25.4 

18,46 

111  Hemoglobin  solutions. 


Part  VI:     FISH 

Animal 

t.  ^  sat. 
ram  Hg 

pH 

Temperature 
OC 

pCOz 
mm  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Baiara 

8.0 

28.0 

0 

18 

2 

Baiara 

22.0 

25.0 

18 

3 

Bom -bom 

11.0 

28.0 

0 

18 

4 

Bora-bora 

13.0 

25.0 

18 

5 

Bowfin 

4.0 

15.0 

1-2 

18 

6 

Bowfin 

9.0 

10.0 

18 

7 

Carp 

8.0 

10.0 

18 

8 

Carp 

13.0 

18.0 

30.0 

47 

9 

Carp  (Cyprinus  carpio) 

5.0 

15.0 

1-2 

18 

10 

Catfish 

1.4 

1-2 

18 

11 

Catfish 

5.0 

10.0 

18 

12 

Catfish 

1.4 

15.0 

O-I 

18 

13 

Cod 

15.0 

14.0 

<0.3 

18 

14 

Eel,   electric 

12.0 

28.0 

0 

18 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  Oj  DISSOCIATION  CURVES  (Continued) 


Part  VI:    FISH  (Concluded) 

Animal 

t.  i  sat. 

pH 

Temperature 
OC 

pCOz 

Reference 

ram  Hg 

mra  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

15 

Eel,   electric 

18.0 

25.0 

18 

16 

Eel,   salt  water  (Anguilla 

bostoniensis) 

4.0 

17.0 

0.3 

18 

17 

Hairaara 

8.0 

28.0 

0 

18 

18 

Hassa 

11.0 

28.0 

0 

18 

19 

Hassa 

20.0 

25.0 

18 

20 

Mackerel  (Scomber  scorabrus) 

52.0 

10.0 

18,48 

21 

Mackerel  (S.  scorabrus) 

17.0 

8.0 

20.0 

1.0 

48 

22 

Mackerel  (S.  scombrus),   dilute  Hb 

solution 

18.0 

7.38 

25.0 

18 

23 

Paku 

12.0 

28.0 

0 

18 

24 

Paku 

55.0 

25.0 

18 

25 

Plaice 

12.0 

16.5 

0.3 

18 

26 

Ray  (Raja  sp)l 

26.0 

7.38 

25.0 

49 

27 

Ray  (Raja  sp) 

45.0 

25.0 

1.0 

49 

28 

Remora  (Echeneis  naucrates)' 

11.0 

7.38 

25.0 

49 

29 

Remora  (E.  naucrates)' 

53.0 

6.80 

25.0 

49 

30 

Salmon,   Atlantic,   brackish  water 

23.0 

15.0 

1-2 

18 

31 

Salmon,   Atlantic,   fresh-water 

21.0 

15.0 

1-2 

50 

32 

Salmon,   Atlantic,   fresh-water 

35.0 

15.0 

10.0 

18,  50 

33 

Scup  (Stenotomus  chrysops)! 

6.4 

7.38 

25.0 

49 

34 

Sea  robin  (Prionatus  carolinas)! 

21.0 

7.38 

25.0 

49 

35 

Sea  robin  (P.  carolinas) 

17.0 

7.70 

20.0 

1.0 

48 

36 

Shark  (Mustelus  canis)! 

7.0 

7.40 

25.0 

49 

37 

Shark  (M.  canis)' 

12.0 

6.80 

25.0 

49 

38 

Shark  (Hypoprion  brevirostris)! 

7.6 

7.40 

25.0 

51 

39 

Skate  (Raja  oscillata) 

20.0 

7.80 

10.4 

1.0 

52 

40 

Skate  (R.  oscillata) 

45.0 

25.0 

1.0 

52 

41 

Skate  (R.  oscillata) 

98.0 

37.0 

1.0 

52 

42 

Skate  (R.  oscillata) 

11.0 

0.2 

1.0 

52 

43 

Stingray  (Dasyatus  sp)l 

13-15 

7.40 

25.0 

51 

44 

Sucker 

12.0 

15.0 

1-2 

18 

45 

Sucker 

43.0 

10.0 

18 

46 

Tautog  (Tautoga  onitus)' 

6.0 

7.38 

25.0 

49 

47 

Toadfish 

14.0 

20.0 

1-2 

18 

48 

Toadfish 

33.0 

10.0 

18 

49 

Toadfish  (Opsanus  tau)l 

3-4.4 

7.38 

25.0 

49 

50 

Toadfish  (O.  tau) 

13.0 

7.70 

20.0 

1.0 

48 

51 

Trout,   brook 

17.0 

15.0 

1-2 

18 

52 

Trout,   brook 

42.0 

15.0 

10.0 

18 

53 

Trout,   brown 

17.0 

15.0 

1-2 

18 

54 

Trout,   brown 

39.0 

15.0 

10.0 

18 

55 

Trout,    rainbow 

18.0 

15.0 

1-2 

18 

56 

Trout,   rainbow 

35.0 

15.0 

10.0 

18 

III  Hemoglobin  solutions. 


Part  VU:    INVERTEBRATES 


Animal 

t.  \  sat. 

pH 

Temperature 

pCOz 

Reference 

mm  Hg 

°C 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Anadara 

10.0 

18 

2 

Arenicola 

1.8 

7.3 

18 

3 

Arenicola 

1.8 

17.0 

0 

18 

4 

Busyconl 

6.0 

23.0 

13.5 

53 

5 

Cancer' 

12.0 

23.0 

0 

18 

6 

Ceriodaphnia 

0.8 

17.0 

0 

18 

7 

Chironomus 

0.2 

17.0 

0 

18 

8 

Chironomus 

0.6 

17.0 

0 

18 

9 

Daphnia 

3.1 

17.0 

0 

18 

10 

Gastrophilus,   concentrated 

4.9 

39.0 

18 

/ 1  /  Hemocyanin. 
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69.    DATA  FOR  CONSTRUCTING  BLOOD  O^  DISSOCIATION  CURVES  (Concluded) 
Part  VII:    INVERTEBRATES  (Concluded) 


Animal 

t.  i  sat. 
mm  Hg 

pH 

Temperature 
OC 

pC02 
ram  Hg 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

U 
12 

Gastrophilus,   dilute 
Helix,    summerl 

0.02 
12.0 

39.0 
20.0 

0 

18 
18,53 

13 

Helix,    winter' 

11.0 

8.20 

20.0 

18 

14 
15 
16 

Homarusl 

Limulusl 

Limulusl 

90.0 
11.0 
13.0 

7.20 
7.70 

0 

18 

18 
18 

17 
18 
19 
20 

Loligol 

Nippostrongylus 
Octopus' 
Phascolosoma^ 

36.0 
<0.1 
3.0 
8.0 

23.0 

19.0 
25.0 
19.0 

0 
0.6 

18,54,  55 

18 

18,56-58 

18 

21 

Planorbis 

1.9 

17.0 

0 

18 

22 

Planorbis 

7.0 

20.0 

0 

18 

23 
24 
25 
26 

Sipunculus^ 
Spirographis^ 
Tubifex 
Urechis^ 

8.0 
27.0 
0.6 
12.3 

7.70 

19.0 
20.0 
17.0 
19.0 

0.07-80 

0 
8.6 

18 
18 
18 
18 

/I/  Hemocyanin.     /2/  Hemerythrin.     /3/  Chlorocruorin. 

Contributors:    (a)  Forbes,    W.  H.,    (b)  Lucas,    M.  S.,    (c)  McCutcheon,    F.  H.,    (d)  Oberholzer,    R.,    (e)  Root,    R.  W., 

References:    [  l]    Allen,    D.  W.,    Guthe,   K.  F.,   and  Wyman,   J.,   J.  Biol.  Chem.  18F:393,    1950.    [2]    Paul,    W.,   and 
Roughton,    F.  J.,   J.  Physiol.,    Lond.  122:23,    1951.    [3]    Dill,    D.  B. ,    in  "Hamdbook  of  Respiratory  Data  in  Aviation,  " 
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70.     BLOOD  O2  DISSOCIATION  LINE  CHARTS:     MAN 


USE  OF  CHARTS: 


Changes  in  temperature  and  pHs  (serum)  alter  the  position  but  not  the  shape  of  the  oxygen  dissociation 
curve.    Dissociation  curves  for  various  values  of  pHs  and  temperature  for  man  may  be  computed  from  the  one 
standard  curve  for  normal  human  blood  at  37°,   pHs  7.4,   by  multiplying  all  the  pO^  values  by  factors  for  tempera- 
ture and  pHs.    The  left-hand  line  gives  factors  for  temperature,   the  next  line  factors  for  pHs.    The  two  right-hand 
line  graphs  give  the  standard  oxygen  dissociation  curve  in  a  form  more  easily  read  than  the  usual  graph.    The 
computation  is  given  by 

Pt,  pH  =  P  x  ft  "  fpH 
where   Pj   pH  is   the  p02  at  temperature  t  and  pH,    P  is  the  p02  at  37°,   pHs  7.4  for  the  same  %  saturation,   given  on 
the  standard  curve,   and  ft  and  fpn  are  the  multipliers  obtained  from  the  line  charts. 

Examples  of  the  use  of  these  charts  follow: 

1)    Problem:     Prepare  a  complete  oxygen  dissociation  curve  for  30°,   pH  7.6. 

Method:        The  factor  for  30°  is  0.74,   and  for  pH  7.6  is  0.80.    Their  product  is  0.59.     Multiply  all  p02  values  in 

the  standard  curve  by  0.59;  i.e.,   for  50%  saturation,    pO^  in  the  new  curve  is  26.4  x  0.59  =  15.6  mm  Hg. 

Z)    Problem:     Arterial  blood  taken  during  surgery  had  88%  saturation  by  Van  Slyke  manometric  methods.    pH  was 
7.56  at  body  temperature  of  33.8°C.    What  is  the  pOz? 

Method:  From  the  standard  dissociation  curve,  right-hand  line,  at  88%  saturation,  pO^  =  57  mm  Hg.  The 
factors  are,  for  pH,  0.84  and  for  temperature,  0.87.  pO^  =  57  x  0.84  x  0.87  =  41.6  mm  Hg  in  the 
patient. 

To  convert  tension  to  saturation,   factors  are  used  as  dividers: 

3)   Problem:     Arterial  blood  from  a  febrile  subject  had  a  p02  of  73  mm  Hg,   determined  at  body  temperature,   40°C, 
using  a  Roughton  Scholander  syringe.    pHs,    corrected  to  40°,    was  6.98.    What  is  the  %  saturation? 


Method: 


Factors  are  1.14  for  temperature,  and  1.52   for  pHs. 
sociation  curve,   this  equals  77%  saturation. 
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1.14  X    1.52 


=   42.1    mm   Hg.    From   the   dis- 


4)   Problem:     Blood  taken  from  a  heart-lung  by-pass  machine  was  found  to  have  a  p02  by  polarograph  of  65  mm  Hg 
and  pHs  of  7.72,   both  having  been  measured  at  37°.    The  blood  in  the  machine  was  at  30°.    What  is 
the  %  saturation,   and  the  p02,   in  the  machine? 

Method:        Since  the  blood  was  warmed  anaerobically  to  37°  for  pHs  and  p02  measurement,   its  saturation  was 
unchanged,   and  the  only  correction  needed  to  calculate  saturation  is  that  for  pHs.    This,   for  7.72  is 
65 


0.70. 


0.70 


=  93  mmHg,  which  from  the  dissociation  curve  reads  96.4%  saturation. 


To  find  p02  at  30°,   first  the  pHs  at  30°  must  be  computed  from  the  whole  blood  pHs  factor,    -0.0147 
units  per  degree  [  l]  .    -7°  x  -0.0147  =  +0.103.    Inasmuch  as  pHs  rises  as  temperature  falls,   0.103  is 
added  to  7.72  (  =  7.82).     The  factor  for  pH  7.82  is  0.63  and  for  30°  is  0.74.    93  x  0.63  x  0.74  =  43.3 
mm  Hg  p02  in  the  machine.    A  simpler  method  of  correcting  the  p02  from  37°  to  30°  is  given  in  the 
line  chart  on  page  62  (correction  of  p02  and  PCO2  of  blood  in  vitro  for  temperature  changes). 

The  standard  dissociation  curve,   and  the  pHs  and  temperature  factors  are  taken  from  curves  published  by 
Dill  and  Forbes  [  2,  3] .    Tensions  at  the  high  end  of  the  curves  were  taken  from  Nahas,  etal  [4]  .    These  are  assumed 
to  be  average  curves,   subject  to  some  variation  in  normals  and  perhaps  great  variation  in  disease,   particularly 
diabetes  and  anemia.    The  chief  reason  for  variation  is  failure  of  intracellular  pHc,   which  actually  determines  the 
affinity  of  hemoglobin  for  oxygen,   to  be  constantly  related  to  serum  pHs. 

Contributor:    Severinghaus,   J.  W. 


References:  (  l)  Rosenthal,  T.  B. 
Physiol!  132:685,  1941.  [3]  Dill, 
Research,   Washington,    1944.    [4] 


,   J.  Biol.  Chem.  173:25,    1948.    [2]    Dill,    D.  B.,   and  Forbes,    W.  H..   Am.  J. 
D.  B.,   "Handbook  of  Respiratory  Data  in  Aviation,"  Committee  on  Medical 
Nahas,   C.  G..    Morgan.    E.  H..   and  Wood.    E.  H.,   J.  Appl.  Physiol.  5:169,1952. 
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70.    BLOOD  O2  DISSOCIATION  LINE  CHARTS:    MAN  (Concluded) 
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71.    BLOOD  02  DISSOCIATION  CURVES:     MAN 

Part  I:     AT  VARIOUS  pH  VALUES 
Theory  and  method  of  development  of  straight  line  curves  given  in  headnote  and  in  Parts  I  and  II  of  Table  72. 
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Contributors:    Bartels.   H.,   and  Opitz,   E. 


30         35         40 
p02,    mm  Hg 


45      50 


60 


70 


80      90     100 


120 


Reference:     Dill,    D.  B..   in  "Handbook  of  Respiratory  Data  in  Aviation,"  Committee  on  Medical  Research, 
Washington,    1944. 
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71.    BLOOD  02  DISSOCIATION  CURVES;    MAN  (Concluded) 
Part  II:    AT  VARIOUS  TEMPERATURES 
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Contributors:    Bartels.   H.,   and  Opitz,   E. 

Reference:    Dill,    D.  B.,   and  Forbes,   W.  H.,   Am.  J.  Physiol.  132:685,    1941 
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73.    02  CAPACITY  OF  UMBILICAL  VEIN  BLOOD  AT  VARIOUS  STAGES  OF  PREGNANCY:    MAN 
Values  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range  (cf  Introduction). 


Duration  of  Pregnancy 

Cases 

Oz  Capacity 

wk 

no. 

vol  % 

(A) 

(B) 

(C) 

1 

36 

9 

20.1(16.6-24.1) 

2 

37 

9 

22.0(18.5-25.1) 

3 

38 

16 

20.7(17.6-25.5) 

4 

39 

24 

19.9(17.0-24.2) 

5 

40 

30 

21.3(17.8-23.2) 

6 

Term 

88 

20.8(16.6-25.5)1 

7    41 

14 

21.3(16.8-25.6) 

8    42  and  over 

40 

20.7(16.2-24.5) 

9  1  Postmaturity 

54 

20.9(16.2-25.6)2 

/I/  Mean  and  range  for  Lines  1-5.     /2/  Mean  and  range  for  Lines  7,8. 


Contributor;    Nesbitt.    R.  E.  L..   Jr. 


References:     Prystowsky,    H.,   and  Eastman,    N.  J.,    Bull.  Johns  Hopkins  Hosp.  101:45,    1957. 


74.    O2  SATURATION  IN  BLOOD  OF  UMBILICAL  VESSELS,    NORMAL  AND  DIFFICULT  LABOR:     MAN 

Spontaneous,    uncomplicated  delivery;    all  deliveries  in  occipito-anterior  presentation  and  without  evidence  of 
meconium  staining.    Complicated  delivery;    forceps  deliveries  and  cesarean  sections;  spontaneous  deliveries  in 
occipito-anterior  presentation,   with  meconium  staining  of  the  amniotic  fluid  or  other  signs  of  asphyxia  before  or 
after  delivery. 


Menstrual 

Spontaneous,    Uncomplicated 

Delivery 

Complicated  Delivery 

Age 

Cases 

Venous  O2 

Cases 

Arterial  O2 

Cases 

Venous  O2          Cases 

Arterial  O2 

wk 

no. 

Saturation,  % 

no. 

Saturation,   % 

no. 

Saturation.   % 

no. 

Saturation,   % 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

<H) 

(I) 

1 

>43 

30 

64.5 

25 

30.4 

22 

53.4 

18 

26.2 

2 

42 

33 

60.4 

27 

33.0 

26 

47.9 

17 

19.9 

3 

41 

52 

62.6 

42 

34.6 

38 

50.7 

30 

25.6 

4 

40 

39 

61.3 

26 

36.4 

28 

49.2 

23 

27.7 

5 

39 

28 

62.9 

21 

39.7 

11 

61.4 

9 

34.6 

6 

38 

20 

61.8 

16 

30.6 

7 

64.9 

7 

43.6 

7 

37 

14 

51.9 

10 

28.5 

3 

46.0 

3 

13.0 

8 

36 

3 

69.0 

2 

47.0 

3 

16.7 

3 

10.7 

9 

35 

2 

36.5 

1 

30.0 

10 

33 

1 

60.0 

1 

38.0 

11 

31 

1 

74.0 

1 

24.0 

12 

28 

1 

21.0 

13 

27 

1 

72.0 

14 

20 

1 

51.0 

Contributor:    Nesbitt,   R.  E.  L.,   Jr. 


Reference:     Rooth,   G.,   and  Sjostedt,    S.,   Acta  obst.  gyn.  scand.  36:374,    1957. 
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75. 


O^  PRESSURE  GRADIENT  BETWEEN  FETAL  AND  MATERNAL  BLOOD: 


MAN 


Placental  vessel:    I-S  =  intervillous  space 

,    U-V  =  unbilical  vein,    U-A  = 

unbilical  arter 

y- 

Method 

of 
Delivery 

Cases 
no. 

Placental 
Vessel 

O2  Capacity 
vol  % 

O2  Content 
vol  % 

O2 

Saturation 
% 

Estimated 

pOz 

ram  Hg 

MpOz-FpOzl 
mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 
2 
3 

Cesarean 

2 

I-S 

U-V 

U-A 

14.8 
20.2 
20.2 

8.1 
5.1 
3.4 

54.7 
25.0 
16.8 

27.8 
12.5 
8.0 

17.7 

4 
5 
6 

5 

1-S 

U-V 

U-A 

11.2 

18.4 
18.4 

5.0 
1.8 
1.1 

44.6 

9.7 

5.9 

24.0 

6.5 

5.0 

18.3 

7 
8 

Vaginal 

4 

I-S 

U-V 

15.7 
20.6 

8.4 
5.1 

53.5 
24.7 

27.8 
12.2 

15.6 

9 
10 

6 

I-S 

U-V 

16.0 
21.9 

8.3 
5.2 

51.8 
23.7 

26.5 
12.2 

14.3 

11 
12 

10 

I-S 
U-V 

15.8 
20.7 

15.3 
17.4 

96.8 
84.0 

72.0 
39.0 

33.0 

13 
14 

12 

I-S 
U-V 

22.4 
21.2 

19.2 
10.0 

85.7 
47.1 

48.0 
21.0 

27.0 

15 
16 

13 

I-S 
U-V 

14.1 
18.1 

10.8 
10.9 

76.5 
60.3 

40.1 
25.0 

15.1 

17 
18 
19 

21 

I-S 

U-V 

U-A 

15.7 
19.3 
19.3 

10.6 

6.6 

3.9 

67.4 
34.1 
20.2 

34.0 
16.0 
U.O 

20.4 

III  MpOz  =  partial  pressure  of  O2  in  maternal  circulation;  FpGz  =  partial  pressure  of  O2  in  fetal  circulation. 

Contributor:     Nesbitt,    R.  E.  L..   Jr. 

Reference:     Prystowsky,    H.,    Bull.  Johns  Hopkins  Hosp.   \OVA&,    1957. 

7b.    0-,  DISSOCIATION  RELATIONSHIPS  OF  FETAL  AND  MATERNAL  BLOOD:     MAN,    COW.    SHEEP 


An  approximate  curve  can  be  drawn  for  the  range  of  values  from  15-80  mm  Hg  pOz,   based  upon  the  pO^  at  half 
saturation,    but  the  curve  is  not  necessarily  valid  above  and  below  these  pressures.    The  half  saturation  pOz  is, 
therefore,    a  satisfactory  approximation.    Inflections  of  the  curves  around  this  point  have  not  been  investigated  in 
sufficient  detail  as  yet.    In  man,  separation  of  hemoglobin  from  the  corpuscle  results  in  a  decrease  of  half  satura- 
tion pO^  of  9  mm  Hg  for  maternal  blood  and  2  ram  for  fetal  at  pH  6.8  and  370C;  this  may  reverse  their  relative 
positions  [  1] .    Values  in  parentheses  are  ranges,   estimate  "b"  or  "c"  of  the  95%  range  (cf  Introduction). 


Animal 


No. 


Age 


pO^.   ram  Hg 
Half  Saturation 


Maternal 


Fetal 


pCOz 
ram  Hg 


Reference 


(A) 


(B) 


(C) 


m 

31(30-35)c2 

333 

27. 27(26. 37-28.17)b5 

29.08(28.02-30. 14)b5 

34 

33 

32 

31.5 

(42-49)c 


(E) 


(F) 


(G) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Man 


Cow 


Sheep 


1 

224 

224 

3 
2 
7 

6 


Term 

Terra 

3.5  mo  gestation 

5.5  mo  gestation 

7  and  8  mo  gestation 

At  birth 

50  to  HI  da 

139  and  140  da  gestation 


25(22-29)c2 

255 

21. 86(21. 26-22. 46)b5 

23.94(23. 10-24. 78)b5 

18 

23 

20 

22.5 

(17-19)c 

(25-26)c 


40 

40 

pH  =  7.4 

40 

43(41-45)b 

43(41-45)^ 

43(41-45)t' 

43(41-45)b 

40(36-44)b 

40(38-42)1" 


III  Temperature, 
published  curve. 


380C.     /2/  Derived  from  graphic  approximations  corrected  to  pCOz  ■■ 
111  b  maternal,    16  fetal.     /5/  Corrected  for  A  log  pOz  =  -0.048  A  pH. 


40.     in  Estimated  from 


Contributor:    Kaiser,    I.  H. 


References:  [  l)  McCarthy,  E.  F 
Sax,  M.  G.,  ibid  87:97,  1936.  [3] 
Hosp.  53:246,  1933.  [4]  Darling, 
1941.  [5]  Roos,  J.,  and  Romijn, 
Yale  J.  Biol.  24:169,    1951. 


,   J.  Physiol.,    Lond.  1^:55,    1943.    [2]    Leibson,    R.  G.,    Likhnitzky,    I.  I.,   and 
Eastman,    N.  J.,   Gelling,    E.  M.,   and  De  Lawder,    A.  M.,    Bull.  Johns  Hopkins 
R.  C,    Smith,    C.  A.,   Asmussen,    E.,   and  Cohen,    F.  M.,   J.  Clin.  Invest.  20:739, 
C,    Proc.  Koninkl.  Ned.  Akad.  Wetenschap.  43:1212,    1940.    [6]    Barron,    D.  H., 
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80.     ACID- BASE  IMBALANCE  OF  BLOOD:     MAN  (Concluded) 

Part  IV:    PATHWAYS 

Any  point  on  this  acid-base  diagram  [  ij    gives  simultaneously  occurring  values  of  four  variables:    (1)  whole  blood 
buffer  base  (BB)[j,   the  metabolic  factor  in  the  disturbance;  (2)  CO^  pressure  (pC02),   the  respiratory  factor; 
(3)  plasma  CO^  content;  and  (4)  pH.    The  scale  of  (BB)(^  is  strictly  accurate  only  for  oxygenated  human  blood  at  37*^C 
having  a  hematocrit  value  of  45%  or  hemoglobin  concentration  of  15  g/100  ml.    The  width  of  the  buffer  base  bar 
corresponds  to  the  "normal"  range  of  arterial  pCO^  selected,   namely,    35-45   mm   Hg.      Similarly,  the  width  of  the 
pCO^  bar  is  the  normal  range    for   (BB)|,,   from   4b- 52   mEq/L.      The  heavy  arrows  represent  typical  average  path- 
ways of  the  four  principal  types  of  acid-base  disturbance  (Part  II).    They  are  based  on  observations  of  the  contribu- 
tor and  colleagues  [  1-4]  ,   but  are  representative  of  similar  clinical  data  in  the  literature.    In  metabolic  acidosis, 
respiratory  compensation  is  almost  alw-ays  present  [2]  ;  in  metabolic  alkalosis,   respiratory  compensation  is  fre- 
quently absent,   especially  under  clinical  conditions  [3,   4]  .    In  acute,   experimental,    respiratory  disturbances  the 
pathways  are  in  the  horizontal  pC02  bar,   with  virtually  no  change  in  (BB)^^  [  5]  .    The  four  mixed  types  of  acid-base 
disturbance  are  not  shown  on  the  diagram,   but  the  possible  areas  may  be  located  from  the  classification  in  Part  III. 
Examples  of  these  disturbances  are  mixed  acidosis  in  thoracic  surgery  under  ether  anesthesia  [  6]  ,   mixed  alkalosis 
in  many  dyspneic  patients  with  congestive  heart  failure  [  7]  ,    mixed  hypercapnia  in  some  cases  of  cor  pulmonale  [  4], 
and  mixed  hypocapnia  in  severe  salicylate  intoxication  [  2]  . 
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pH 


CO?  DEFICIT 
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Respiratory 
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with 
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BUFFER  BASE  DEFICIT 


Contributor:    Singer,    R.  B. 
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81.     ERYTHROCYTE  AND  HEMOGLOBIN  VALUES:     MAN 


Values 

in  parentheses  are  ranges,   estimate  "b"  of  the  95%  range  (cf  Introduction 

. 

Variable 

Sex 

Value 

Reference 

(A) 

(B) 

(C) 

(D) 

1 

RBC  count,    millions/cu  mm  blood 

<f 

5.4(4.6-6.2) 

1,  2 

2 

9 

4.8(4.2-5.4) 

1,2 

3 

cf9 

5.1 

1,2 

4 

RBC  packed  volumel  (hematocrit), 

<f 

47(40-54)2 

2,3 

5 

ml/ 100  ml  blood 

9 

42(37-47)2 

2.3 

6 

rf? 

44.5 

2,3 

7 

Blood  hemoglobin  concentration, 

<f 

16.3(14.5-18.1) 

4 

8 

g/100  ml  blood 

9 

14.5(12.3-16.7) 

4 

9 

cf? 

15.4 

4 

10 

RBC  hemoglobin  concentration, 
g/100  ml  RBC 

cf? 

33.5(30-40)2 

1.  2 

11 

RBC  hemoglobin  content,  n^g 

a 

29(25-34) 

2 

12 

9 

29(24-33) 

2 

13 

<f9 

29(23-35) 

2 

14 

RBC,    cu  |i 

<f 

87(70-94)2 

2 

15 

9 

87(74-98)2 

2 

16 

rf! 

87 

2 

17 

RBC  circulating  volume,    ml/kg 

rf 

28.3(20.3-36.3) 

5 

18 

body  wt 

9 

24.2(19.0-29.4) 

5 

19 

cf9 

26.3 

5 

20 

RBC  specific  gravity3 

a 

1.093(1.089-1.097) 

6.7 

21 

RBC  mass,   (ijig^ 

a 

95(76-103) 

fe.j 

22 

RBC  iron  content,    ^  jijig 

rfS 

0.10(0.08-0.12) 

2.8,9 

23 

RBC  life  span,   da6 

rfs 

120(108-130) 

10 

24 

RBC  and  Hb  replaced,   %  of 
total /da 

a9 

0.83 

1.2,  11 

25 

RBC  (intracellular)  pH 

a 

7.24(7.21-7.26) 

12 

26 

RBC  spherocytic  index 

rf? 

0.27 

1.2 

27 

RBC  charge,   millivolts' 

^9 

-16.8 

13 

28 

RBC  electrophoretic  mobility, 
sq  cm/volt  sec'' 

rf9 

1.31  X  10-4 

13 

29 

RBC  diameter,   n 

Dry 

0-9 

7.5(7.2-7.8)8 

1,14 

30 

Plasma 

rf9 

8.4(7.4-9.4) 

15 

31 

RBC  thickness,   ^ 

Dry 

rf9 

2.0(1.7-2.2)9 

1.2 

32 

Plasma 

<S9 

2.4 

15 

33 

RBC  surface  area, 

Dry 

<f9 

135(129-146)10 

2.h 

34 

sq  (1 

Plasma 

<f9 

163 

15 

35 

RBC  sedimen- 

Westergren method 

cf 

(0-15) 

l6 

36 

tation  rate. 

5 

(0-20) 

16 

37 

mm/hr 

Wintrobe  method 

cf 

(0-9) 

17 

38 

9 

(0-15) 

17 

39 

Cutler  method 

a 

(0-8) 

18 

40 

9 

(0-10) 

18 

RBC  fragility. 

Doland  and  Worthley 

%  NaCl 

method 

41 

solution 

Initial 

<f9 

0.47(0.48-0.46) 

19 

42 

Final 
Giffin  and  Sanford 
method 

<f9 

0.27(0.30-0.24) 

19 

43 

Initial 

<f9 

(0.44-0.42) 

20 

44 

Final 
Parpart  method 

d9 

(0.34-0.32) 

20 

45 

Mean 

a 

0.43(0.54-0.32) 

21 

HI  Centrifuged  at  2000  G  or  over  (=  3000  rpm)  for  10  min  after  attaining  constant  packed  cell  volume  I  2] 
/2/  Heparin  or  other  isotonic  anticoagulant.     When  anticoagulant  =  2  mg  K  oxalate/ml  blood,    mean  and  95%  range 
for  Column  C,    Line  4  =  45(40-50);  Line  5  =  41(36-45);  Line  10,    d  =  35(30-40),    9  =  34(30-40);  Line  14  =  82(70-94); 
Line  15  =  86(74-97).  [2]      HI  Specific  gravity  of  RBC  at  250C  referred  to  water  at  4°C  [  6]  .     /4/  Calculated  from 
volume  (I6C)  and  specific  gravity  (20C).  [  6,  j]      /5/  Calculated  from  Hb  content  (13C).    using  0.339  as  %  Fe  in  Hb 
[2,8,9].     /6/  Use  of  radioactive  chromium  51;  other  methods  in  essential  agreement.   [10]      111  M/ 15  phosphate 
buffer  at  pH  7.4  [  1  3]  .     /8/  Diffraction,   or  by  500  or  more  measurements  with  micrometer  eyepiece.    Range  =  range 
of  means.    [1,14]      /9/  Calculated  from  RBC  volume  (IbC)  and  dry  diameter  (29C)  by  formula  t  =  V/)rr2  [1,2]  . 
/lO/  Calculated  from  RBC  volume  (16C)  and  dry  thickness  (31C)  by  formula  A  =  2irr  (r  +  t)  (  2,  h]  . 
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81.    ERYTHROCYTE  AND  HEMOGLOBIN  VALUES:     MAN  (Concluded) 

Contributors:    (a)  BetheU.    F.  H..    (b)  Carlsen,    E.,   (c)  CoUier,    H.  B.,    (d)  Dole,   V.  P..   (e)  Ebaugh.    F.  G..   Jr.. 

(f)  Ferguson,   J.  H..   (g)  Gram,    H.  C,   (h)  Guest,   G.  M.,    (i)  Hirschboeck.   J.  S.,    (j)  Osgood,    E.  E..    (k)  Ponder.    E.. 

(U  Riser,   W.  H.,  Jr..   (m)  Van  Slyke,   D.  D. 

References:   (  l)    BetheU,    F.  H.,   "Clinical  Laboratory  Diagnosis  and  Essentials  of  Hematology,"  Ann  Arbor,    Mich.: 
The  Edwards  Letter  Shop,    1948.    [2]    Osgood.    E.  E..   Arch.  Int.  M.  56:849.    1935.    [3]    Ponder,    E.  in  "Medical 
Physics,"  (Glasser.   Otto,   ed.).   p  597.   Chicago:    Year  Book  Publishers,    1944.    [4]    Drabkin,    D.  L..    Physiol.  Rev. 
M:345.    1951.    [5]    Huff,    R.  L.,   and  Feller,   D.  D..   J.  Clin.  Invest.  35:1,    1956.    [6]    Van  Slyke.   D.  D. ,   et  al,   J.  Biol. 
Chem.  _m:305.    1950.    [7]    Ebaugh,    F.  G.,   Jr.,    Levine,    P.,   and  Emerson,    C.  P.,   J.  Laborat.  Clin.  M.  46:409.1955. 
[8]     Drabkin,    D.  L.,    Am.  J.  M.  Sc.  209:268,    1945.    [9]    Grinstein,    M..    and  Moore,    C.  V.,   J.  Clin.  Invest.  28:505. 
1949.    [10]    Ebaugh,    F.  G.,   Jr.,    Rodman,   G.  P.,   Jr.,   and  Peterson,    R.  E. ,   unpublished,    [ll]    Callender,   S.  T., 
Powell,    E.  O.,   and  Witts.    L.  J.,   J.  Path.  Bact.,    Lond.  57:129,    1945.    (12]    Gram,   H.  C,   Am.  J.  M.  Sc.   168:521, 
1924.    [13]    Abramson,   H.  A.,   J.  Gen.  Physiol.   1^:711,    1929.    [14]    Donelson,    E.  G..   et  al.   Am.  J.  Physiol.  128:382, 
1940.    [15]    Ponder,    E.,   "Hemolysis  and  Related  Phenomena."  New  York:    Grune  and  Stratton,    1948. 
[16]    Westergren.   A..   Am.  Rev.  Tuberc.  _U:94,    1926.    [17]    Wintrobe,    M.  M.,   and  Landsberg,   J.  W.,    Am.  J.  M.  Sc. 
189:102,    1935.    [18]    Cutler,   J.  W.,   ibid  1^:643,    1932.    [19]    Doland,   G.  A.,   and  Worthley,   K.,   J.  Laborat.  Clin. 
M.  20:1122,    1935.    [20]    Giffin,    H.  Z..    and  Sanford.    A.  H.,    ibid  4:465,    1919.     [21]     Parpart,    A.  K.,    et  al,   J.Clin. 
Invest.  26:636,    1947. 

82.    ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  IN  PREGNANCY  AND  POSTPARTUM:     MAN 


Values  in  parentheses  are 

ranges,   estimate  "b 

'  of  the  95%  range  (cf  Introduc 

tion). 

Period 

RBC  Count 
millions /cu  mm  blood 

RBC  Packed  Volume 

(Hematocrit) 

ral/100  ml  blood 

Blood  Hb 
Concentration 
g/100  ml  blood 

RBC  Hb 
Concentration 
g/100  ml  RBC 

RBC  Hb 
Content 

RBC  Volume 

cu  (1 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Second  trimester 

1 

4th  mo 

4.5(3.8-5.2) 

40(35-45) 

12.8(11.4-15.0) 

32 

28.4 

89 

2 

5th  mo 

4.3(3.7-5.0) 

39(34-44) 

12.2(10.8-14.6) 

31 

28.4 

91 

3 

6th  mo 
Third  trimester 

4.0(3.5-4.8) 

37(32-42) 

11.4(10.2-14.0) 

31 

28.5 

92 

4 

7th  mo 

4.0(3.5-4.8) 

37(32-42) 

11.4(10.2-14.0) 

31 

28.5 

92 

5 

8th  mo 

4.1(3.5-4.8) 

37.5(33-43) 

11.6(10.4-14.2) 

31 

28.3 

91 

0 

9th  mo 

4.2(3.7-5.0) 

37.5(33-43) 

12.0(10.8-14.4) 

32 

28.5 

89 

7 

During  labor 
Postpartum 

4.4(4.0-5.0) 

39(34-44) 

12.6(11.2-15.0) 

32 

28.6 

89 

8 

10  da 

4.5(4.0-5.0) 

40(35-45) 

12.8(11.4-15.4) 

32 

28.4 

89 

9 

42  da 

4.8(4.2-5.4) 

42.5(37-47) 

13.8(12.0-16.0) 

32.5 

28.7 

89 

Contributor:    Bethell,    F.  H. 

Reference:    Bethell,  F.  H.,   Gardiner,    S.  H.,   and  Mackinnon,    F.,   .^nn.  Int.  M.  n:91,    1939. 

83.    ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  IN  FETUS,    NEWBORN,    AND  ADULT  FEMALE:     MAMMALS 

Values  given  for  adult  female  are  not  necessarily  those  of  the  mother.    Values  in  parentheses  are  ranges  and  con- 
form,   unless  otherwise  specified,   to  estimate  "c"  of  the  9  5%  range  (cf  Introduction). 


Stage  of 
Development 

RBC  Count 

millions/cu  mm 

blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/ 100  ml  blood 

Blood  Hb 
Concentration 
g/100  ml  blood 

RBC  Hb 

Content 

K(ig 

RBC  Volume 
cu  Jl 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Man 


Fetus  at  fraction 

of  term' 

1 

0.3 

1.1(0.3-2.2) 

27(23-33) 

9.3(8.0-10.9)          63(47-97) 

191(134-285) 

B-F.l 

2 

0.4 

2.8(2.3-3.5) 

33(29-44) 

10.7(6.0-13.1) 

40(35-48) 

131(113-150) 

B-F,l 

3 

0.5 

2.8(2.2-3.5) 

36(30-41) 

11.5(8.7-14.6) 

42(38-51) 

129(116-140) 

B-F.l 

4 

0.6 

3.5(2.9-4.1) 

44(36-52) 

13.6(11.0-14.7) 

39(33-45) 

125(116-136) 

B-F,l 

5 

Newborn 

4.8(3.8-6.0)2 

51.3(41-61)2 

17.9(13.0-22.0)2 

37.5(32-43) 

113(90-124) 

B.D-F.  2;C,3 

6 

.■\dult  female 

4.8(4.2-5.4)b 

42(37-47)b 

14.5(12. 3-l6.7)b 

29(24-33)b 

87(74-98)b       1 

B,C.E.F,4;D,5 

Cat 

Fetus  at  fraction 

of  term^ 

7 

0.6 

2.22 

28.0 

7.9 

36 

134 

B-F.6.7 

8 

0.7 

3.12(2.61-3.78) 

30.5(26-36) 

9.1(7.5-10.7) 

28(24-38) 

99(94-103) 

B-F,6,7 

/I/  Gestation  period  =  280  da.     /2/  Cord  or  venous  blood:  capillary  blood  values  may  increase  as  much  as  20%  dur- 
ing first  week  after  birth.  [  14]      /3/  Gestation  period  =  60  da. 
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83. 


ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  IN  FETUS,    NEWBORN. 
AND  ADULT  FEMALE:     MAMMALS  (Continued) 


Values  given  for  adult  female  are  not  necessarily  those  of  the  mother.    Values  in  parentheses  are  ranges  and  con- 
form,  unless  otherwise  specified,   to  estimate  "c"  of  the  95%  range  (cf  Introduction). 


Stage  of 
Development 

RBC  Count 

millions /cu  mm 

blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/100  mlblood 

Blood  Hb 
Concentration 
g/ 100  ml  blood 

RBC  Hb 
Content 

RBC  Volume 

cu  (1 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Cat  (concluded) 


9 

0.8 

3.80(3.24-4.25) 

34.3(30-41) 

10.1(9.3-11.2) 

27(23-30) 

91(81-97) 

B-F,6,7 

10 

Newborn, 
3-12  da 

5.70(5.16-6.14) 

39.3(35-48) 

12.4(9.6-15.1) 

22(19-26) 

68(65-78) 

B-F,6,7 

11 

Adult  female 

6.6 

34.2 

11.8 

18 

51 

B-F,6,7 

Cow 

Fetus  at  fraction 

of  terra' 

12 

0.3 

3.9(3.7-4.1) 

37.7(34-40) 

8.5(7.7-9.1) 

21.3(20.5-22.0) 

93(91-97) 

B-F,8 

13 

0.4 

4.8(4.5-5.3) 

43.0(40-47) 

10.9(10.3-11.4) 

21.1(20.0-21.6) 

88(84-89) 

B-F,8 

14 

0.5 

4.8(3.8-5.5) 

36.7(28-45) 

8.5(6.9-9.7) 

18.6(17.5-20.2) 

77(74-83) 

B-F,8 

15 

0.6 

5.5(4.4-6.4) 

40.4(32-50) 

9.6(7.7-11.2) 

17.5(17.4-17.6) 

74(71-77) 

B-F,8 

16 

0.7 

5.2(4.2-6.2) 

37.0(32-44) 

9.7(8.3-12.1) 

18.6(16.5-19.6) 

71(69-75) 

B-F,8 

17 

0.8 

5.9(5.4-8.0) 

39.7(35-47) 

9.8(8.8-11.5) 

15.0(14.3-16.2) 

57(58-63) 

B-F,8 

18 

0.9 

6.1(5.9-6.2) 

31.0(30-32) 

8.4(8.3-8.5) 

13.9(13.4-14.3) 

51(49-53) 

B-F.8 

19 

Fetus  at  terra^ 

6.8(6.0-7.8) 

35.9(32-42) 

9.6(8.5-10.8) 

14.1(13.7-14.5) 

53(50-54) 

B-F.8 

20 

Adult  female 

8.05(6.1-10.7) 

38.6(31-54) 

12.9(9.2-18.3) 

15.7(14.2-18.5) 

50(47-54) 

B-F,8 

Goat 

Fetus  at  fraction 

of  term5 

21 

0.3 

19 

4.2 

C,D,9 

22 

0.5 

31(29-33) 

7.1(5.2-9.1) 

C,D,9 

23 

0.6 

40 

10.1 

C,D,9 

24 

0.7 

22 

9.0 

C,D,9 

25 

0.8 

32 

10.4 

C,D,9 

26 

0.9 

28.5(28-29) 

8.9(8.2-9.6) 

C.D,9 

27 

F"etus  at  term^ 

27 

9.4 

C,D,9 

28 

Newborn, 
24-48  hr 

33(29-36) 

11.0(9.9-12.4) 

C,D,9 

29 

Adult  female 

50 

12.6 

C,D,9 

Pig 

Fetus  at  fraction 

of  term^ 

30 

0.2 

0.25(0.1-0.5) 

6.6(3.6-10.6) 

244(204-361) 

B,C,F,6.7 

31 

0.3 

0.63(0.2-1.3) 

10.3(4.2-20.0) 

3.3(1.5-4.9) 

56(38-87)                173(131-278) 

B-F,6.7 

32 

0.4 

2.5(0.68-3.9) 

26.2(10.2-33.0) 

6.9(2.6-10.6) 

27(19-40) 

100(80-149) 

B-F.6,7 

33 

0.5 

2.9(2.0-4.0) 

27.4(23-35) 

6.8(4.9-11.2) 

23(17-29) 

94(84-114) 

B-F.6.7 

34 

0.6 

3.0(2.1-4.0) 

30.3(19.1-38.0) 

8.1(5.2-9.7) 

27(21-35) 

101(85-112) 

B-F,6,7 

35 

0.7 

4.0(3.0-4.4) 

31.0(29-34) 

7.0(6.5-9.6) 

25(19-31) 

101(95-107) 

B-F,6,7 

36 

0.8 

3.9(3.0-4.4) 

32.4(29-36) 

8.7(7.6-9.6) 

22(20-28) 

80(77-96)          B-F,6,7 

37 

0.9 

4.16(4.0-4.3) 

34.5(33-36) 

9.3(8.8-9.7) 

22.5(22-23) 

83(83-83)          B-F,6.7 

Newborn 

B-F,6,7 

38 

1-12  hr 

5.72(5.51-5.91) 

39.6(39-40) 

11.8(11.8-12.0) 

21(20-22) 

69(68-71) 

B-F,6,7 

39 

1-10  da 

3.9(2.62-5.26) 

25.0(18-36) 

8.1(5.4-10.1) 

20(16-22) 

64(59-69)           B-F,6,7 

40 

Adult  female 

6.93 

40.8 

13.8 

21 

59                          B-F,6.7 

Rabbit 

Fetus  at  fraction 

of  termS 

41 

0.6 

1.9(1.6-2.0) 

22.3(21-23) 

7.3(7.1-7.7) 

44(35-46) 

120(113-133) 

B-F,6,7 

42 

0.7 

2.9(2.1-3.4) 

34.4(23-38) 

9.6(7.7-11.1) 

35(27-48) 

122(108-154) 

B-F.6.7 

43 

0.8 

2.8(2.3-3.1) 

32.0(28-37) 

8.8(10.1-11.0) 

36(31-47) 

113(99-123) 

B-F,6,7 

44 

0.9 
Newborn 

3.7(2.9-4.3) 

30.5(24-34) 

10.0(8.5-11.3) 

28(26-30) 

82(79-84) 

B-F,6,7 

45 

2-18  hr 

4.8(3.3-5.5) 

44.1(32-50), 

14.2(11.0-15.7) 

30(27-34) 

94(90-100) 

B-F,6.7 

46 

24-48  hr 

5.2(4.4-5.8) 

50.0(43-59) 

15.6(13.7-18.1) 

33(27-34) 

97(89-102) 

B-F,6,7 

47 

Adult  female 

6.29 

39.8 

12.8 

21 

64 

B-F,6.7 

III  Gestation  period  =  280  da.    /4/  Probably  by  caesarian  section.     /5/  Gestation  period  =  147  da.     /6/  Caesarian 
section.     Ill  Gestation  period  =  114  da.     /8/  Gestation  period  =  31  da. 
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83. 


ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  IN  FETUS, 
AND  ADULT  FEMALE:     MAMMALS  (Concluded) 


NEWBORN, 


Values  given  for  adult  female  are  not  necessarily  those  of  the  mother.    Values  in  parentheses  are  ranges  and  con- 
form,  unless  otherwise  specified,   to  estimate  "c"  of  the  95%  range  (cf  Introduction). 


Stage  of 
Development 

RBC  Count 

millions/cu  ram 

blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/ 100  ml  blood 

Blood  Hb 
Concentration 
g/100  ml  blood 

RBCHb 
Content 

RBC  Volume 

CU  (1 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Rat 


Fetus  at  fraction 

of  term9 

48 

0.6 

5.1(5.0-5.3) 

D,10 

49 

0.7 

7.6(6.1-9.2) 

D,10 

50 

0.8 

0.98(0.70-1.20) 

21.0 

8.5(7.5-9.3) 

52 

160 

B,C,U;D,10;E,F,7 

51 

0.9 
Newborn 

1.8(1.5-2.1) 

40.1(40.0-40.2) 

8.2(7.4-9.1) 

32.5(31-34) 

159(157-160) 

B,C.11;D,10;E,F,  7 

52 

1-7  da 

2.0(1.4-2.9) 

25.0(18.2-31.0) 

8.3(6.3-10.5) 

43(31-60) 

126(96-172) 

B-F,7 

53 

8-14  da 

2.2(1.6-2.8) 

20.6(15.1-28.0) 

6.6(4.6-9.0) 

31(24-36) 

92(77-110) 

B-F.7 

54 

Adult  female 

6.6 

39.4 

12.8 

20 

61 

B-F.7 

Sheep 

Fetus  at  fraction 

of  termlO 

55 

0.2 

4.0(2.8-4.8) 

D,12 

56 

0.3 

6.9(4.6-8.4) 

D,12 

57 

0.4 

1.83(1.58-2.09) 

27(25-29) 

8.3(6.4-11.2) 

40.5 

151(119-184) 

B,C,E,F,  d:D,12 

58 

0.5 

9.2(7.9-10.3) 

D,12 

59 

0.6 

5.1 

37 

10.7(8.7-12.8) 

20.5 

73 

B,C,E,F,d;D,12 

60 

0.7 

11.2(8.8-13.4) 

D,12 

61 

0.8 

8.1 

41.5 

11.9(10.2-13.6) 

13.1 

48 

B.C,E,F,d;D,12 

62 

0.9 

9.9(8.3-11.8) 

49(41.54) 

12.6(8.5-17.0) 

12.8(12.3-13.1) 

49(43-55) 

B,C,E,F,d:D,12 

63 

Adult  female 

11.6 

34 

11.0 

13 

30 

B-F,13 

/9/  Gestation  period  =  21  da.    /lO/  Gestation  period  =  147  da. 

Contributors:    (a)  Barron,    D.  H.,    (b)  Bethell,    F.  H.,   (c)  Osgood,    E.  E.,    (d)  Young,   I.  M. 

References:   [  l]    Wintrobe,    M.  M.,    "Clinical  Hematology,  "  Philadelphia:     Lea  and  Febiger,    1946.    (2]    Guest, 
G.  M.,    Brown,    E.  W.,   and  Wing,    M.,   Am.  J.  Dis.  Child.  56:529,    1938.    [3]    Waugh,    T.  R. ,    Merchant,    F.  T.,   and 
Maugham,   G.  B.,   Am.  J.  M.  Sc.   m:646,    1939.    [4]    Osgood,    E.  E.,   Arch.  Int.  M.  56:849,    1935.    [5]    Drabkin, 
D.  L.,    Physiol.  Rev.  M:345,    1951.    [6]    Wintrobe,    M.  M.,   and  Shumacher,    H.  B.,   J.  Clin.  Invest.   M:837,    1935. 
[7)     Wintrobe.    M.  M.,   and  Shumacher,   H.  B.,   Am.  J.  Anat.  58:313,    1935.    [8]   Von  Deseo,    D.,    Pflugers  Arch. 
221^:327,    321,    1929.    [  9l     Elliott,    R.   H.,    Hall,    F.  G.,    and  Huggett,    A.    St.    G.,    J.   Physiol.,    Lond.  82:160,    1934. 
flO)    Nicholas,   J.  S.,    Am.  J.  Physiol.  83:499,    1927.    [U)    Kindred,   J.  E.,   and  Corey,    E.  L.,   Anat.  Rec.  47:213, 
1930.    [12]     Barcroft,   J.,   "Researches  on  Prenatal  Life,  "  Oxford:     Blackwell,    1947.    [13]    Ponder,    E.,    "The 
Mammalian  Red  Cell  and  Properties  of  Hemolytic  Systems,  "  Berlin:    Gebrijder  Berntrager,    1934.    [  14]    Smith, 
C.  A.,   "The  Physiology  of  the  Newborn  Infant,"  Springfield,   111.:  C.  C.  Thomas,    1950. 


84.     ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  FROM  BIRTH  TO  MATURITY:     MAN 


Values  are  smoothed  means  from  plotted  curves.    Values  in  parentheses  are  ranges  and  conform, 
specified,   to  estimate  "c"  of  the  9  5%  range  (cf  Introduction). 


unless  otherwise 


Age 

RBC  Count 
millions/cu  mm  blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/ 100  ml  blood 

Blood  Hb 
Concentration 
g/100  ml  blood 

RBC  Hb 

Concentration 
g/100  ml  RBC 

RBCHb 

Content 

M-lig 

RBC 

Volume 

CU    (i 

(A) 

(B) 

(C) 

(D) 

(E) 

<F) 

(G) 

1 

At  birthl 

5.7(4.8-7.1) 

56.6 

21.5(18.0-27.0) 

38.0 

38 

106 

2 

First  da 

5.6(4.7-7.0) 

56.1 

21.2(17.7-26.5) 

37.8 

38 

106 

3 

End  1st  wk 

5.3(4.5-6.4) 

52.7 

19.6(16.2-25.5) 

37.2 

37 

101 

4 

End  2nd  wk 

5.1(4.3-6.0) 

49.6 

18.0(14.5-24.2) 

36.3 

35 

9b 

5 

End  3rd  wk 

4.9(4.1-6.0) 

46.6 

16.6(13.2-23.0) 

35.6 

34 

93 

0 

End  4th  wk 

4.7(3.9-5.9) 

44.6 

15.6(12.0-21.8) 

35.0 

33 

91 

7 

End  2nd  mo 

4.5(3.8-5.8) 

38.9 

13.3(10.8-18.0) 

34.2 

30 

85 

8 

End  4th  mo 

4.5(3.8-5.3) 

36.5 

12.4(10.2-15.0) 

34.0 

27 

79 

III  Cord  clamped  after  placental  separation,   averages  560,000  more  RBC/cu  mm  and  2.bg/100  ml  more  hemoglo- 
bin during  first  week  of  life  than  cord  clamped  immediately  after  birth.    In  newborn,   heel  blood  (capillary)  higher 
in  RBC  and  hemoglobin  than  blood  from  superior  sagittal  sinus. 
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84.     ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  FROM  BIRTH  TO  MATURITY:     MAN  (Concluded) 
Values  are  smoothed  means  from  plotted  curves.    Values  in  parentheses  are  ranges  and  conform,  unless  otherwise 
specified,   to  estimate  "c"  of  the  9  5%  range  (cf  Introduction). 


Age 

RBC  Count 
millions/cu  mm  blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/ 100  ml  blood 

Blood  Hb 
Concentration 
g/100  ml  blood 

RBC  Hb 
Concentration 
g/100  ml  RBC 

RBCHb 
Content 

RBC 

Volume 

cu   Jl 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

9 

End  6th  mo 

4.6(3.9-5.3) 

36.2 

12.3(10.0-15.0) 

34.0 

27 

78 

10 

End  8th  mo 

4.6(4.0-5.4) 

35.8 

12.1(9.8-15.0) 

33.8 

26 

77 

11 

End  10th  mo 

4.6(4.0-5.5) 

35.5 

11.9(8.4-14.9) 

33.5 

26 

77 

12 

End  12th  mo 

4.6(4.0-5.5) 

35.2 

11.6(9.0-14.6) 

33.0 

25 

77 

13 

End  2nd  yr 

4.7(3.8-5.4) 

35.5 

11.7(9.2-15.5) 

33.0 

25 

78 

14 

End  4th  yr 

4.7(3.8-5.4) 

37.1 

12.6(9.6-15.5) 

34.0 

27 

80 

15 

End  6th  yr 

4.7(3.8-5.4) 

37.9 

12.7(10.0-15.5) 

33.5 

27 

80 

16 

End  8th  yr 

4.7(3.8-5.4) 

38.9 

12.9(10.3-15.5) 

33.2 

27 

80 

17 

End  10th  yr 

4.8(3.8-5.4) 

39.0 

13.0(10.7-15.5) 

33.3 

27 

80 

18 

End  12th  yr 

14  yr  and  over2 

4.8(3.8-5.4) 

39.6 

13.4(11.0-16.5) 

33.8 

28 

81 

19 

Male 

5.4(4.6-6.2)b 

47.0 

16. 3(14. 5-18. l)t> 

33.5 

29 

87 

20 

Female 

4.8(4.2-5.4)b 

42.0 

14. 5(12. 3-16. 7)b 

33.5 

29 

87 

21 

Average  (19  and  20) 

5.1 

44.5 

15.4 

33.5 

29 

87 

HI  See  Table  81. 

Contributors:  (a)  Bethell,  F.  H.,  (b)  De  Marsh,  Q.  B.,  (c)  Diggs,  L.  W., 
(f)  Mayerson.  H.  S.,  (g)  Osgood,  E.  E.,  (h)  Washburn,  A.  H.,  (i)  Windle, 
Reference:    Albritton,   E.  C,    "Standard  Values  in  Blood,"  Philadelphia: 


(d)  Glaser.   K.,   (e)  Guest.   G.  M., 

W.  F..   (j)  Wintrobe,   M.  M. 

W.  B.  Saunders  Co..    1952  (Table  38). 


Values  are  expressed  as 
weight.  Chem  -  chemica 
removed.    W-C  =  washed 


85.     ERYTHROCYTE  O^  CONSUMPTION:     VERTEBRATES 
(il/mg  dry  weight/hr  and  are  calculated  on  the  basis  of  water  content  of  cells  being  70%  by 
1,    mano  =  manometric.    B  =  blood.    C  =  cells.    D  =  defibrinated.    W-R  =  washed,   buffy  coat 
cells  of  whole  blood,    Sus  =  suspension  of  RBC.   R  =  Ringer,    S  -  isotonic  saline. 


Temp,  of 

Measurement 

OC 

Method 

Blood 
or  Cells 

Q02 

.Animal 

In 
Serum 

In  Ringer 
or  Saline 

Reference 

Sample 

Condition 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Man 

37 

Chem 

B 

D 

0.015    R 

1 

2 

37 

Mano 

B 

D 

0.018 

0.017    R 

2 

3 

37 

Mano 

C 

W-R 

0.042     R 

3 

4 

37 

Mano 

C 

W-C 

0.060    R 

4 

5 

Rabbit 

37 

Chem 

B 

D 

0.049    R 

1 

6 

25 

Chem 

B 

D 

0.220 

R 

5 

7 

38 

Mano 

B 

D 

0.064 

0.028    R 

6 

8 

37 

Mano 

B 

D 

0.062 

7 

9 

37 

Mano 

C 

Sus 

0.024    R 

4 

10 

Chicken 

25 

Chem 

B 

D 

0.260 

5 

11 

38 

Mano 

B 

D 

0.350 

0.210    R 

6 

12 

37 

Mano 

C 

W-C 

0.180    R 

4 

13 

Goose 

39 

Chem 

B 

D 

0.670 

0.440    R 

1 

14 

25 

Chem 

B 

D 

0.250 

5 

15 

37 

Mano 

B 

D 

0.720 

0.400    R 

8 

16 

Alligator,   American 

25 

Mano 

C 

D 

0.113 

0.067     S 

6 

17 

Snake,   garter 

25 

Mano 

C 

W-C 

0.154 

0.081     S 

6 

18 

Snake,    water 

25 

Mano 

C 

W-C 

0.173 

0.083    S 

6 

19 

Turtle 

25 

Mano 

C 

W-C 

0.060    R 

4 

20 

Turtle,    Blanding's 

25 

Mano 

C 

W-C 

0.096 

0.067     S 

6 

21 

Turtle,    box 

25 

Mano 

C 

W-C 

0.158 

0.081     S 

6 

22 

Turtle,    snapper 

25 

Mano 

C 

W-C 

0.119 

0.075    S 

6 

23 

Frog,   bull 

25 

Mano 

C 

W-C 

0.111 

0.051     S 

6 

24 

Fish,   puffer 

20 

Mano 

C 

W-C 

0.227 

6 

25 

Fish,    sea  robin 

20 

Mano 

C 

W-C 

0.075    S 

6 

26 

Toadfish 

20 

Mano 

C 

W-C 

0.112 

6 

Contributors:    (a)  Hunter.    F.  R..    (b)  Ponder,    E. 

References:    [  l]    Warburg,   O.,   Zschr.  physiol.  Chem.  59:112,    1909.    [2]    Harrop,   G.  A.,   and  Barron,    E.  S.,   J. 

Exp.  M.  48:207,    1928.    [3]     Damble,    K.,    Zschr.  ges.  exp.  Med.  86:594,    1933.    [4]     Ramsey,    R.,    and  Warren,    C.  O., 

Jr..   Quart.   J.  Exp.  Physiol.  20:213,    1930.    [5]    Roche.   J.,   and  Siegler-Soru,    E..   Arch,  internal,  physiol.  3j_:413. 

1929.    [6]    Tipton,   S.  R.,   J.  Cellul.  Physiol.  3:313,    1933.    1 7]    Nagelein,   E.,    Biochem.  Zschr.  J_58: 121 ,    1925. 

[8]    Horn,    Z.,    ibid  226:297,    1930. 
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86.     ERYTHROCYTE  AND  HEMOGLOBIN  VALUES:     VERTEBRATES  (Concluded) 

Contributors:    (a)  Aliland,   P.  D.,   (b)  Bethell.    F.  H.,   (c)  Cronkite.   E.  P.,    (d)  Hart,   J.  S..   (e)  Kisch.   B., 
(f)  McCutcheon,    P".  H.,   (g)  Musacchia.   X.  J.,   (h)  Osgood,    E.  E.,   (i)  Root,   R.  W.,   (j)  Young.   I.  M. 

References:    [  l]    Bethell,    F.  H.,    "Clinical  Laboratory  Diagnosis  and  Essentials  of  Hematology,"  Ann  Arbor,    Mich. 
The  Edwards  Letter  Shop,    1948.    [  Z]    Osgood,   E.  E.,   Arch.  Int.  M.  5^:849,    1935.    [3]    Ponder,    E.  in  "Medical 
Physics,  "  (Glasser,   Otto,   ed.),   p  597,   Chicago:    Year  Book  Publishers,    1944.    [4]    Drabkin,    D.  L.,   Physiol.  Rev. 
21.:345,    1951.    [5]    Donelson,    E.G.,   et  al.   Am.  J.  Physiol.  ^18: 382,    1940.    [6]    Hafez,    E.  S.,   and  Anwar,   A., 
Nature,   Lond.  r74:611,    1954.    [7]    Albritton,    E.  C. ,   "Standard  Values  in  Blood,"  Philadelphia:  W.  B.  Saunders  Co., 
1952  (values  from  Table  42).    [8)    Wintrobe,    M.  M.,    Fol.  Haemat.,   Lpz.5J_:32,    1934.    [9]    Fulton,   G.  P.,   Joftes, 
D.  L.,   Kegan,   R.,   and  Lutz,   B.  R.,   Blood,   N.  Y.  9:622,    1954.    [  10]    Sturkie,   P.  D..   "Avian  Physiology,"  Ithaca. 
N.  Y.:    Comstock,    1954.    [11]    Altland,    P.  D.,   and  Parker,    M.,   unpublished.    [12]    Field,   J.  B.,    Elvehjem,   C.  A., 
and  Juday,   C,   J.  Biol.  Chem.  J_48:261 ,    1943.    [13]    Kisch,   B..    Exp.  M.  and  Surg.  9:125,    1951. 


87.    ERYTHROCYTE  AND  HEMOGLOBIN  VALUES  AT  SEA  LEVEL  AND  ALTITUDE;     VERTEBRATES 
Values  are  for  acclimatized  animals.    SL  =  sea  level. 


RBC  Count 

RBC  Packed  Volume 

O2  Capacity 

Animal 

km 

millions/cu  mm 
blood 

(Hematocrit) 
ml/ 100  ml  blood 

vol  % 

Reference 

Blood 

RBC 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Llama 

SL 

12.1 

27.5 

16.1 

58.4 

1,2 

2 

SL 

11.4 

38.6 

23.5 

61,2 

2.  3 

3 

2.8 

12.3 

28.2 

17.1 

56.7 

2,  3 

4 

5.3 

11.0 

25.8 

14.9 

57.8 

2.  3 

5 

Rabbit 

SL 

4.55 

35.4 

15.6 

44.1 

2,3 

6 

Sheep 

SL 

10.5 

35.3 

15.9 

45.5 

2,3 

7 

4.7 

12.05 

50.2 

18.9 

38.8 

2,  3 

8 

Vicuna 

SL 

14.9 

30.5 

17.5 

57.1 

1,2 

9 

4.7 

16.6 

31.9 

18.2 

58.5 

2,  3 

10 

Viscacha 

3.7 

7.12 

31.8 

14.8 

46.6 

2,  3 

11 

Huallata 

5.3 

3.27 

59.1 

23.6 

40.1 

2,3 

12 

Ostrich 

3.7 

2.18 

33.8 

13.9 

41.2 

2,  3 

References:  [l]  Dill,  D.  B.,  "Life,  Heat,  and  Altitude,  "  Cambridge: 
[2]  Prosser,  C.  L.,  "Comparative  Animal  Physiology,  "  Philadelphia: 
Dill,    D.  B.,   and  Barron,    E.  S.,   J.  Cellul.  Physiol.  8:301,    1936. 


Harvard  University  Press,    1938. 

W.  B.  Saunders  Co.,    1950.    [3]    Hall. 
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88.     ERYTHROCYTE  AND  HEMCXJLOBIN  VALUES  AT  SEA  LEVEL  AND  ALTITUDE:     MAN 

Values  are  for  male  residents,  unless  otherwise  indicated.    Values  in  parentheses  are  ranges  and  conform,  unless 
otherwise  specified,  to  estimate  "c"  of  the  95%  range  (cf  Introduction).    SL  =  sea  level  (altitude  less  than  0.4  km). 


Country 

Place 

Altitude 
km 

RBC  Count 

millions/cu  mm 

blood 

RBC  Packed 

Volume 

(Hematocrit) 

ml/lOO  ml  blood 

Blood  Hb 

Concentration 

g/100  ml  blood 

RBC  Hb 

Content 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

U.  S.  A. 

Denver,    Colorado 

1.5 

5.42 

16.5 

30.4 

1 

2 

Kansas 

SL 

5.11 

15.0 

29.4 

2 

3 

New  Orleans,    Louisiana 

SL 

5.26 

15.6 

29.7 

3 

4 

New  Orleans,    Louisiana 

SL 

5.85 

15.9 

27.2 

4 

5 

Omaha,    Nebraska 

SL 

4.69 

15.0 

32.0 

5 

6 

Portland,    Oregon 

SL 

5.42 

15.8 

29.2 

6 

7 

Argentina 

Buenos  Aires 

SL 

5.30 

14.8 

27.9 

7 

8 

Buenos  Aires 

SL 

5.50 

15.4 

28.0 

8 

9 

Mina  (Aguilar) 

4.5 

6.46(5.07-9.43) 

59.5(50.5-73.6) 

19.4(15.7-24.9) 

30.0 

9 

10 

Tucuman 

0.4 

5.31 

16.1 

30.3 

10 

11 

Canada 

Saskatchewan 

0.5 

5.52 

15.6 

28.3 

11 

12 

Denmark 

Copenhagen 

SL 

5.07 

15.0 

29.6 

12 

13 

Germany 

Giessen 

SL 

4.96 

16.0 

32.3 

13 

14 

Hawaii 

Honolulu 

SL 

5.08 

15.1 

29.7 

14 

15 

India 

Bombay 

SL 

5.11 

15.4 

30.1 

15 

16 

Calcutta 

SL 

5.36 

14.8 

27.6 

16 

17 

Mexico 

Mexico  City 

2.3 

5.39(4.53-6.17) 

51.2(45.0-58.5) 

17.7(14.4-20.1) 

32.9 

17.18 

18 

Mexico  City 

2.3 

5.01(4.27-6.01)1 

45.5(41.5-50.0)1 

15.2(12.8-17.7)1 

17 

19 

Norway 

Oslo 

SL 

5.52 

16.2 

29.3 

19 

20 

Peru 

Lima 

SL 

5.14 

16.0 

31.1 

20 

21 

Lima 

SL 

5.00(4.5-5.6) 

45.0(40.0-49.0) 

15.1(13.4-16.2) 

21 

22 

Lima 

SL 

4.87(4.31-5.30) 

45.0(41.5-48.5) 

15.3(14.0-16.6) 

18 

23 

Morococha 

4.5 

6.15 

20.8 

33.8 

20 

24 

Morococha 

4.5 

6.70(5.30-9.30) 

57.0(46.0-71.0) 

19.3(17.4-24.0) 

21 

25 

Morococha 

4.5 

7.88(6.91-8.51) 

66.7(58.2-79.2) 

22.6(20.7-25.3) 

18 

26 

Oroya 

3.7 

5.67 

18.8 

33.2 

20 

27 

South  Africa 

Johannesburg 

1.8 

5.99 

14.7 

24.5 

22 

28 

Switzerland 

Zurich 

0.5 

5.00 

15.0 

30.0 

23 

HI  Female. 


Contributors:    (a)  Dill,    D.  B.,    (b)  Ebaugh,    F.  G.,   Jr. 


References:    [  l]    Andresen,    M.  1.,   and  Mugrage,    E.  R.,   Arch.  Int.  M.  58:136,    1936.    (2)    Nelson,    C.  F.,   and 
Stoker,    R.,    Fol.  haemat.,    Lpz.  58:333.    1937.    [3]    Foster,    F.  C,   and  Johnson,   J.  R.,    Proc.  Soc.  Exp.  Biol.  28:929, 
1931.    [4]    Wintrobe,    M.  M.,   and  Miller,    M.  W.,   Arch.  Int.  M.  43:96,    1929.    [5]    Sachs,   A.,    Levine,   V.  E.,   and 
Fabian,   A.  A.,    ibid  55:226,    1935.    [6]    Osgood,    E.  E.,    ibid  56:849,    1935.    [7]    Tenconi,   J.,    C.  rend.  Soc.  biol. 
108:133,    1931.    [8]    Parodi,   A.  S.,    Rev.  Soc.  argent,  biol.  6:426,    1930.    [9]    Chiodi,    H.,  J.  Appl.  Physiol.  2:431, 
1950.    [10]     Moglia,   J.  L.,   and  Fonio,    O.  A.,    Rev.  Soc.  argent,  biol.  20:581,    1944.    [U]    Fiddes.   J.,   and  Witney,  C, 
Canad.  M.  Ass.  J.  35:654,    1936.    [12]     Bierring,    E.,   and  Sorensen.    G.,    Ugeskr.  laeger  98:822,    1936. 

[  14)    Harare,    C.  J.,   and  Au,    M.  H.,   J.  Laborat.  Clin.  M. 
Malandkar,    M.  A.,   and  Bilimoria,    H.  S. ,    Indian  J.  M.  Res. 
C.  R.,    ibid  23:305,    1935.    [17]     Merino,    C.  F.,    Blood,    N.  Y. 
D.  G.,    ibid  3:660,    1948.    [19]    Jervell,    O.,   and  Waaler,   J.  H.,    Norsk  mag. 
A.,    Merino,    C,   and  Delgado,    E.,    Arch.  Int.  M.  7^:284,    1945.    [2l]    Huff, 


[13]  Horneffer,  L.,  Pfliigers  Arch.  220:703,  1928. 
27:1231,  1942.  [15]  Sokhey,  S.  S.,  Gokhale.  S.  K., 
25:505,  1937.  [16]  Napier,  L.  E.,  and  Das  Gupta, 
5:1,  1950.  [18]  Gill,  J.  R. ,  and  Tera'n, 
laegevid.  95:1141,    1934.    [20]    Hurtado, 


R.  G.,    Lawrence,   J. 
[22]    Liknaitzky,    I., 


H. ,    Sini,    W.  E.,    Wasserman,    L.  R.,   and  Hennessy,    T. 
Quart.  J.  Exp.  Physiol.  24:161,    1934.    [23]    Burgi,   K., 


G.,    Medicine,    Bait.  30:197,    1951. 
Schweiz.  med.  Wschr.  63:662,    685,  1933. 
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< 

Prosthetic  group  of  methemogtobin, 
catalase,   horseradish  peroxidase. 
Produced  by  atmospheric  oxidation 
of  heme  or  neutralization  of  hemin. 
As  alteration  product  of  hemoglobin 
in  the  leech,   in  malarial  parasites, 
and  produced  by  certain  bacteria. 
In  blood  extravasations  and  in  the 
plasma  in  pathological  conditions 
(hematinemia);  present  as  met- 
hemalbumin  in  urine,   bile,   and 
feces  in  pathological  conditions. 

Prosthetic  group  of  hemoglobin,    myo- 
hemoglobin,   and  ferrocyto- 
chrome-b.     Combines  with  nitroge- 
nous bases  to  form  hemochromes 
(hemochromogens). 

10%  NaOH:                                 580(10.5) 
Alcoholic  NaHC03:              590 

402.5(79.5) 
"Acid  hematin"  in  ether:  650 
Stoke's  reagent  produces  hemochrome 
bands. 
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Soluble  in  alkali; 
slightly  soluble  in 
ether. 

Soluble  in  alkali;  Fe 
removed  by  dilute 
HCl  in  glacial 
acetic  acid. 

Fe+++  complex  of 
protoporphyrin; 
moderately 
stable. 

Fe++  complex  of 
protoporphyrin; 
easily  auto- 
oxidized  to 
hematin. 
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A,B,D,2: 
2,14,15 

'Ad 

< 

A,2,l6, 
17;B,D, 
E.2;C, 
a 

A.2,14,18; 
B,19;C, 
a;D,14, 
20,21; 
E,2,14, 
22-25 

Small  amounts  normally  present  in 
blood.     Larger  amounts  formed  by 
auto- oxidation  of  Hb02,    particu- 
larly at  low  pH,   and  by  oxidation 
with  ferricyanide,   nitrite,   chlorate; 
formed  in  circulating  blood  by 
aromatic  amines  and  nitro  com- 
pounds,  sulfonamides,   and  some 
poisons.    Erythrocytes  possess 
mechanisms  for  reduction  of  MetHb 
to  Hb,   which  do  not  function  in  idio- 
pathic familial  methemoglobinemia. 

Pathological  product  in  erythrocytes, 
formed  by  the  action  of  intestinal 
H2S  on  HbOz.   catalyzed  by  aro- 
matic amines,   e.g.,   phenacetin; 
also  found  in  septicemias.    Red 
corpuscles  containing  sulfhemo- 
globin  appear  to  have  a  normal  life 
span. 

May  be  an  intermediate  formation 
of  bile  pigments  from  hemo- 
globin.   Formed  by  the  action 
of  some  bacteria  on  hemoglobin 
("viridans  effect").    Found  in 
erythrocytes  after  phenylhydra- 
zine  administration. 

O2  carrier  between  oxyhemoglobin 
and  intracellular  respiratory 
enzymes;  O2  store  under  certain 
conditions.    In  red  rauscles  of 
vertebrates,   particularly  diving 
animals,   also  in  some  invertebrate 

"Acid  MetHb":                        630(3.7-3.8) 
500(9.5) 
405-407[s] 
(134-154) 
Alkaline  MetHb:                    577(9.5) 
540(9.7) 
41l[s]  (71-90) 
Stoke' s  reagent  produces  spectrum  of 
Hb  (cf  heraatin);  the  630  band  of 
"acid  MetHb"  disappears  on  addition 
of  Na2  CO3  or  cyanide  and  on  addi- 
tion of  dithionite. 

Fe++:                                           620(11-13) 
FeCO:                                          616(16) 
Band  stable  in  presence  of  dithionite 

(cf  metheraalbumin  and  methemo- 

globin),   Na2C03,   and  cyanide. 

NaOH  +  dithionite  =  protohemo- 

chrorae  (cf  choleglobin). 

Fe":                                         629 
FeCO:                                          628 
Na  + dithionite  =  cholehemochrome;    619 
(cf  sulfheraoglobin) 

Fe**:                                        555 
435 

Mb  differs  from  Hb  particularly  in 
the  position  of  the  o-band  of  myo- 
oxyhemoglobin,    582  mji  and  myo- 
carboxyhemoglobin,   579  m^i 
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Green  color;  solubility 
similar  to  that  of 
Hb,  but  more  easily 
denatured. 

MbCO  (of  horse)  is 
more  soluble  than 
HbCO  in  strong 
phosphate  buffer  or 
amraoniura  sulfate 
solution.    Alkali 

Iron  in  Fe+++ 
state.    MetHb 
forms  com- 
pounds with 
CN",  F-,  N3, 
NO,  H2O2. 

Formed  by  treat- 
ment of  Hb02 
solutions  with 
H2S;  solution 
still  contains 
Hb.    Globin  and 
prosthetic 
group  of 
unknown  struc- 
ure  which  can 
be  retrans- 
forraed  into 
protoheme. 

Formed  by 

coupled  oxida- 
tion of  Hb  with 
ascorbic  acid. 
Globin  +  pros- 
thetic group 
derived  from 
protoheme  by 
oxidation 
(probably  mix- 
ture of  chole- 
heme  with 
intact  C34  ring 
and  verdoheme 
with  an  oxygen 
atom  replacing 
one  raethene 
bridge). 

Heme  +  globin 
(different  from 
globin  in  Hb); 
contains  one 
heme  only  at 
MW  of  18.500. 
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Myohemoglobin 
(MHb)  or 
Myoglobin  (Mb) 
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91.     CYTOCHROME  SYSTEM 


The  cytochromes  are  part  of  the  terminal  oxidation  system  <oxygen  reduced  by  the  hydrogen  atoms  from  various 
reduction.  The  energy  of  the  various  partial  oxidations  is  used  to  form  adenosine  triphosphate  (ATP)  from  adenosine 
process  is  known  as  "oxidative  phosphorylation."  [1-3]  The  following  schematic  drawing  shows  some  of  the  known 
oxidized. 


Various 

/      substrates      \ 

Various  substrates  _TPNH+H+^     ^         DPN+  Flavin    --v.  /(e.g.,   succinate)  \ 

(e.g.,   glucose-      \  /^  \/^  N  1 

6-phosphate)  \  DehydrogenaseM  Transhydrogenase^  V  Dehydrogenases'*/ 

N-     TPN+    -^   ^    DPNH  +  H+  FlavinHz  Products 

/  I  \  (i.e.,   substrates 

/  13  In  less  ZH) 

Products  ,,  I 

/      u   .      .     1  lui  Various     ^  ' 

(substrate  less  2H)  ■_   .      .       \ 

substrates     \  ^».dPNH  +  H+- 


■^         JT'  FlavinH^ 


Products       /       — 
(i.e.,   substrates 
less  2H) 


I   Dehydrogenases'  I  Dehydrogenase 
/  ^-       DPN+    -^   ^      Flavin 


V 

Phosphorylating 

System  I: 
ADP+Pi  — ATP 


IM^XiTae  substrates  are  activated  by  DPN-specific,  some  by  TPN-specific  dehydrogenases.  DPN  (diphosphopyridine 
II,  respectively.  /2/  Transhydrogenase  catalyzes  transfer  of  hydrogen  from  reduced  TPN  to  DPN.  /3/  The  dotted 
from  the  action  of  a  DPN-specific  dehydrogenase.  /4/Succinic  dehydrogenase,  for  example,  is  a  typical flavoprotein 
reduce  the  flavin  prosthetic  group  of  a  dehydrogenase  directly  in  the  respiratory  chain,  or  /6/  reduce  the  heme 
is  destroyed  by  BAL  (British  Anti- Lewisite,  or  1,  2-mercaptopropanol)  influences  the  interaction  of  cytochrome-b 
A.  15] 


Contributor:    Morton,   R.  K. 


References:    \.\\    Chance,   B.,  and  Williams,  G.  R., 
l4]    Slater,    E.  C,    Biochem.  J.,    Lond.  45:14,    1949. 


J.  Biol.  Chem.  2r7:429,    1955.    [2]    Chance.    B..   Williams 
[5]    Potter.   V.  R.,   and  Reif,   A.  E.,   J.  Biol.  Chem.  194:287, 


126 


OF  MITOCHONDRIA 


substrates,   thus  forming  water).    Each  step,   as  indicated  in  the  diagram  below,   involves  both  oxidation  and 
diphosphate  (ADP)  and  inorganic  phosphate  (Pi),  by  coupling  with  the  various  phosphorylating  enzyme  systems.    This 
components  of  the  respiratory  chain.    Up  to  three  molecules  of  ATP  may  be  synthesized  per  molecule  of  DPNH 


Flavin 


--^,^  2  cyt-b 

\/     (Fe+++) 


I  Dehydrogenases'*  | 

ivin-H? — ^    N» 


•  Flav 


2  cyt-b 
(Fe++) 


BAL- sensitive 
6         factor^ 

1 

2  cyt-b   ^  111  cyt-C| 

(Fe++)      V     (Fe++) 


2  cyt-b 
(Fe+++) 


'  2  cyt-cr 
(Fe++^^) 


■  2  cyt-c 
(Fe+++") 


Ferro- cytochrome- c 
oxidase  system 


2  cyt-a 
{Fe+++) 


HzO 


I  •-'2 


Phosphorylating 

System  II: 
ADP+  Pi  — ATP 


Phosphorylating 

System  III: 
ADP+Pi  — ATP 


nucleotide)  and  TPN  (triphosphopyridine  nucleotide)  are  commonly  used  abbreviations  for  Coenzyme  1  and  Coenzyme 
arrow  indicates  that  reduced  DPN  arising  by  transhydrogenase  action  eventually  may  pool  with  reduced  DPN  formed 
dehydrogenase  of  the  respiratory  chain.     /5/  The  dotted  arrows  indicate  that  the  reduced  flavoprotein  may  either 
prosthetic  group  of  cytochrome  b,   which  is  part  of  the  respiratory  chain.     /7/  Slater  has  shown  that  a  factor  which 
with  cytochrome- c.  (  4]      This  may  be  identical  with  a  factor  which  is  sensitive  to  low  concentrations  of  Antimycin 


G.  R., 
1952. 


Holmes,    W.  F..   and  Higgins,   J.,   ibid  217:439,    1955.    [3]    Slater,    E.  C.   Chem.  wbl.,   Arast.  53:180,    1957. 
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93.    MAXIMAL  BREATHING  CAPACITY:    CHILDREN  AND  ADOLESCENTS 

Maximal  breathing  capacities,   of  seated  subjects,   were  measured  in  a  Benedict-Roth  type  spirometer   (Collins 
ventiloraeter)  with  the  soda  lime  container  and  valves  removed.    MBC  values  have  been  corrected  to  BTPS  conditions 
(cf  Page    1);    those   in  parentheses  are  ranges  and  conform  to  estimate  "b"  of  the  95%  range  (cf  Introduction). 


Part  I:    VS  AGE 


Age 

Males 

Females 

yr 

no. 

MBC,    L/min 

no. 

MBC,    L/min 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

5.0-5.9 

4 

42(30-54) 

12 

41(19-63) 

2 

6.0-6.9 

8 

45(25-65) 

8 

53(42-63) 

3 

7.0-7.9 

6 

65(53-77) 

18 

53(33-73) 

4 

8.0-8.9 

7 

69(49-89) 

19 

60(36-85) 

5 

9.0-9.9 

7 

73(35-111) 

29 

67(46-88) 

6 

10.0-10.9 

10 

79(43-115) 

22 

72(49-94) 

7 

11.0-11.9 

6 

75(61-89) 

28 

79(49-109) 

8 

12.0-12.9 

3 

109(75-143) 

28 

96(47-144) 

9 

13.0-13.9 

20 

117(67-167) 

14 

104(67-141) 

10 

14.0-14.9 

72 

117(68-166) 

19 

99(39-160) 

11 

15.0-15.9 

9 

129(61-197) 

12 

105(59-152) 

12 

16.0-16.9 

5 

134(108-160) 

10 

92(56-128) 

13 

17.0-17.9 

4 

155(133-177) 

12 

108(59-157) 

14 

18.0-18.9 

2 

123(83-163) 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,    (b)  Whittenberger,   J.  L. 


References: 

9:659,    1952. 


[1] 
[2] 


Males:     Ferris,    B.  G.,    Jr.,    Whittenberger,    J.  L.,    and  Gallagher,    J.  R. 
Females:    Ferris,    B.  G.,   Jr..   and  Smith,    C.  W.,   ibid  12:341,    1953. 


Pediatrics,    Springf. 


Part  H:     VS  STANDING  HEIGHT 


Subjects  measured  in  stocking  feet. 


Height 

Males 

Females 

cm 

no. 

MBC,    L/min 

no. 

MBC,    L/min 

(A) 

(B) 

(C) 

(D) 

(E) 

1     100.0-109.9 

4 

41(14-69) 

2     110.0-1199 

7 

44(30-58) 

13 

47(28-71) 

3  [120.0-124.9 

5 

45(21-69) 

10 

62(29-94) 

4    125.0-129.9 

4 

63(45-81) 

15 

58(38-77) 

5     130.0-134.9 

5 

69(33-105) 

19 

62(41-83) 

6  1  135.0-139.9 

9 

68(30-106) 

30 

72(50-94) 

7  1  140.0-144.9 

9 

79(63-95) 

19 

74(47-100) 

8  |145.0-149.9 

9 

82(58-106) 

12 

78(41-115) 

9    150.0-154.9 

5 

86(48-124) 

23 

90(48-132) 

10  |155.0-159.9 

12 

102(72-132) 

38 

95(52-137) 

11     160.0-164.9 

13 

115(61-169) 

18 

103(50-155) 

12  1  165.0-169.9 

30 

113(66-160) 

17 

107(51-164) 

13 

170.0-174.9 

29 

127(75-179) 

6 

124(95-153) 

14 

175.0-179.9 

16 

129(107-151) 

15 

180.0-184.9 

8 

148(110-186) 

Contributors:     (a)  Ferris,    B.  G.,   Jr.,    (b)  Whittenberger,   J.  L. 


References:    [1]     Males:    Ferris,    B.  G.,   Jr.,    Whittenberger,    J.  L.,   and  Gallagher,   J.  R. 
9:659,    1952.    [2]    Females:    Ferris,    B.  G.,   Jr.,   and  Smith,   C.  W.,    ibid  12:341,    1953. 


Pediatrics,    Springf. 
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93.     MAXIMAL  BREATHING  CAPACITY:    CHILDREN  AND  ADOLESCENTS  (Concluded) 

Maximal  breathing  capacities,   of  seated  subjects,   were  measured  in  a  Benedict-Roth  type  spirometer  (Collins 
ventiloraeter)  with  the  soda  lime  container  and  valves  removed.    MBC  values  have  been  corrected  to  BTPS  conditions 
(cf  Page    1);    those  in  parentheses  are  ranges  and  conform  to  estimate  "b"  of  the  95%  range  (cf  Introduction). 

Part  lU:     VS  WEIGHT 
Subjects  weighed  without  heavy  clothing. 


Weight 

Males 

Females 

kg 

no. 

MBC,    L/min 

no. 

MBC,    L/min 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

15.0-19.9 

6 

36(24-48) 

2 

20.0-24.9 

9 

46(28-64) 

26 

53(33-73) 

3 

25.0-29.9 

7 

53(21-85) 

17 

61(41-81) 

4 

30.0-34.9 

12 

74(40-108) 

29 

65(38-92) 

5 

35.0-39.9 

11 

71(39-103) 

28 

78(51-104) 

fa 

40.0-44.9 

10 

83(61-105) 

28 

77(43-112) 

7 

45.0-49.9 

15 

93(7  3-113) 

24 

88(48-127) 

8 

50.0-54.9 

8 

110(52-168) 

25 

98(40-155) 

9 

55.0-59.9 

22 

121(85-157) 

26 

100(45-155) 

10 

60.0-64.9 

29 

129(75-183) 

15 

106(59-153) 

11 

65.0-69.9 

12 

119(65-173) 

4 

98(51-145) 

12 

70.0-74.9 

12 

126(62-190) 

3 

126(91-161) 

13 

75.0-79.9 

11 

122(74-170) 

1 

132 

14 

80.0-84.9 

3 

136(104-168) 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,    (b)  Whittenberger,  J.  L. 


References: 
9:659,    1952. 


[11 
[2] 


Males:    Ferris,    B.  G.,   Jr.,   Whittenberger,   J.  L.,   and  Gallagher,   J.  R. 
Females:    Ferris,    B.  G.,   Jr.,   and  Smith,   C.  W.,   ibid  12:341,    1953. 


Pediatrics.   Springf. 


Part  IV:    VS  SURFACE  AREA 


Surface  area  obtained  from  DuBois  nomogram. 


Surface  Area 

Males 

Females 

sq  m 

no. 

MBC,   L/min 

no. 

MBC,    L/min 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

0.60-0.79 

9 

42(21-63) 

2 

0.70-0.89 

8 

46(28-64) 

3 

0.80-0.89 

18 

53(30-76) 

4 

0.90-0.99 

5 

48(16-80) 

14 

60(24-95) 

5 

1.00-1.09 

9 

65(35-95) 

25 

63(39-88) 

6 

1.10-1.19 

9 

70(32-108) 

30 

70(48-92) 

7 

1.20-1.29 

10 

79(55-103) 

23 

76(49-102) 

8 

1.30-1.39 

10 

84(62-106) 

22 

81(43-119) 

9 

1.40-1.49 

11 

93(79-107) 

24 

91(47-135) 

10 

1.50-1.59 

12 

108(52-164) 

32 

93(44-142) 

11 

1.60-1.69 

22 

110(70-150) 

24 

107(54-160) 

12 

1.70-1.79 

36 

130(85-175) 

9 

121(85-156) 

13 

1.80-1.89 

12 

130(70-190) 

3 

130(96-164) 

14 

1.90-1.99 

.    14 

125(73-177) 

15 

2.00-2.09 

3 

148(124-172) 

Contributors:    (a)  Ferris,    B.  G.,   Jr.,   (b)  Whittenberger,   J.  L. 


References:    [  l]    Males:     Ferris,    B.  G.,   Jr.,   Whittenberger,   J.  L.,   and  Gallagher,   J.  R. 
9:659,    1952.    [2]    Females:    Ferris,    B.  G.,   Jr.,   and  Smith,   C.  W.,   ibid  12:341,    1953. 


Pediatrics,    Springf. 
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94.    MAXIMAL  BREATHING  CAPACITY:     MAN 
Ventilatory  values  have  generally  been  corrected  to  BTPS  conditions   (cf  Page  1).     Values  in  parentheses  are  ranges 
and  conform  to  estimate  "c"  of  the  95%  range  (of  Introduction).    Ventilatory  data  of  Shock  conform  to  estimate  "b." 


Age 


Height 
cm 


Weight 
kg 


Surface  Area 
sq  m 


MBC 
L/min 


Author 


Reference 


(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


Males 


1 

8.1 

124.8 

21.4 

0.87 

37 

Morse 

1 

2 

9.5 

148.2 

41.6 

1.31 

62 

3 

11.5(11.3-11.7) 

154.2(146.0-162.5) 

42.7(37.3-48.0) 

1.37(1.25-1.49) 

55(46-63) 

4 

12.5 

153.3 

39.9 

1.31 

91 

5 

13.4 

171.7 

58.7 

1.69 

129 

6 

14.0 

169.5 

51.7 

1.56 

94 

7 

19.3 

172.2 

61.6 

1.72 

144 

8 

23 

165.9 

65.4 

1.77 

172 

9 

24.3 

167.1 

62.6 

1.71 

218 

10 

30.0 

182.3 

68.0 

1.89 

155 

11 

35.6 

174.2 

54.2 

1.62 

106 

12 

24.5(20-29) 

174.3(164.7-183.9) 

77.5(39.1-115.9) 

1.92(1.53-2.31) 

126(55-198) 

Shock 

2 

13 

34.5(30-39) 

176.6(166.2-187.0) 

74.2(52.4-96.0) 

1.90(1.65-2.15) 

114(55-173) 

14 

44.5(40-49) 

173.2(162.8-183.6) 

67.8(45.3-90.3) 

1.81(1.57-2.05) 

101(40-162) 

15 

54.5(50-59) 

171.3(158.4-184.2) 

63.0(46.2-79.8) 

1.74(1.49-1.99) 

74(21-126) 

16 

64.5(60-69) 

167.8(158.6-177.0) 

63.5(44.9-82.1) 

1.72(1.48-1.96) 

67(14-120) 

17 

74.5(70-79) 

166.9(154.9-178.9) 

63.2(36.7-89.7) 

1.71(1.36-2.06) 

54(14-93) 

18 

83.1(80-87) 

163.9(147.8-180.0) 

59.7(39.9-79.5) 

1.65(1.34-1.96) 

48(4-92) 

19 

20.9(15.8-25.9) 

168(124-212) 

Gray 

3 

20 

23.3(16.5-30.1) 

179.1(167.9-190.3) 

71.7(54.5-88.9) 

169(130-207) 

Matheson 

4 

21 

23.5(18.0-29.0) 

145(76-214) 

Malamos 

5 

22 

23.5(21.0-26.0) 

166(125-207) 

Dripps 

6 

23 

24.1 

178.8 

72.7 

169(126-208) 

Gray 

3 

24 

25.5(13.5-37.5) 

173.8(156.6-191.0) 

66.0(49.4-82.6) 

126(69-183) 

Baldwin 

7 

25 

42.7(34.5-50.9) 

171.7(157.9-185.5) 

64.9(42.5-87.3) 

1.76 

109(78-141) 

26 

58.1(43.1-73.1) 

168.5(151.1-185.9) 

63.0(38.8-87.2) 

1.72 

103(62-144) 

Galdston 

8 

27 

59.6(48.8-70.4) 

169.6(153.0-186.2) 

63.3(49.1-83.5) 

1.72 

91(57-124) 

Baldwin 

7 

Females 

28 

6.3(6.2-6.4) 

122(121-123) 

23.3(23.0-23.6) 

0.94(0.90-0.98) 

45(35-54) 

Morse 

1 

29 

7.7(7.6-7.9) 

128(128-129) 

28.3(25.0-31.6) 

1.00(0.95-1.05) 

42(35-50) 

30 

8.3(8.1-8.6) 

132(127-137) 

30.8(27.9-33.8) 

1.07(1.05-1.08) 

38(34-42) 

31 

9.5(9.0-9.9) 

140(140-142) 

33.8(26.0-42.9) 

1.15(1.03-1.27) 

48(41-52) 

32 

10.3(10.1-10.6) 

145(144-147) 

35.5(29.6-40.4) 

1.21(1.11-1.29) 

67(49-92) 

33 

11.5(11.1-11.8) 

151(148-153) 

38.0(27.7-46.7) 

1.27(1.06-1.44) 

63(47-81) 

34 

12.6(12.2-12.9) 

158(141-172) 

47.1(36.0-54.0) 

1.48(1.26-1.69) 

75(43-96) 

35 

13.4(13.2-13.7) 

159(148-165) 

53.8(43.0-59.0) 

1.54(1.40-1.60) 

103(57-150) 

36 

14.5(14.2-14.9) 

165(162-169) 

53.7(53.1-54.3) 

1.58(1.57-1.60) 

127(87-194) 

37 

15.4(15.2-15.6) 

165(160-170) 

60.5(53.2-74.4) 

1.66(1.54-1.85) 

110(89-141) 

38 

18.4(18.0-18.8) 

168(158-177) 

57.5(42.4-65.5) 

1.65(1.39-1.82) 

120(107-143) 

39  ,20.2(20.0-20.4) 

165(161-168) 

56.0(47.2-64.9) 

1.63(1.50-1.76) 

129(122-137) 

40 

21.5(21.3-21.7) 

159(149-164) 

51.8(43.0-59.5) 

1.51(1.34-1.63) 

110(97-127) 

41 

22.2(22.0-22.4) 

166(157-174) 

64.9(56.3-73.6) 

1.72(1.56-1.88) 

162(144-180) 

42 

23.4(23.0-23.9) 

167(157-175) 

65.8(51.1-88.4) 

1.74(1.50-1.98) 

132(81-209) 

43 

24.4(24.3-24.7) 

165.1(158.4-169.3) 

59.9(47.6-70.4) 

1.64(1.53-1.81) 

129(93-181) 

44 

25.4(25.0-25.8) 

163.7(159.5-167.9) 

59.9(59.4-60.4) 

1.66(1.64-1.68) 

109(108-110) 

45 

26.1 

165.5 

55.1 

1.63 

118 

46 

28.7(28.5-28.9) 

172(171-173) 

59.6(56.0-63.1) 

1.74(1.71-1.76) 

126(109-144) 

47 

29.1 

170.2 

45.6 

1.50 

101 

48 

30.0 

175.6 

79.5 

1.96 

184 

49 

34.0 

152.2 

57.0 

1.53 

145 

50 

36.5(36.5-36.6) 

161(155-166) 

52.8(50.2-55.3) 

1.54(1.47-1.61) 

98(82-113) 

51 

24.3(12.6-36.0) 

164.9(151.0-178.8) 

56.2(44.0-68.4) 

116(74-158) 

Gray 

3 

52 

25.1(12.7-37.5) 

161.8(149.4-174.2) 

59.2(37.0-81.4) 

94(69-11^) 

Baldwin 

7 

53 

27.2(17.2-37.1) 

160.0(128.8-191.2) 

60.3(42.7-77.9) 

1.62 

100(67-134) 

Cournand 

9 

54 

43.3(36.1-50.5) 

164.0(150.4-177.6) 

62.6(32.0-93.2) 

1.67 

89(53-125) 

Baldwin 

7 

55 

44.8(23.6-66.0) 

163.6(152.8-174.4) 

59.9(44.9-74.9) 

1.64 

86(55-118) 

Galdston 

8 

56 

59.8(41.8-77.8) 

158.4(145.0-171.8) 

67.2(45.2-89.2) 

1.67 

73(40-107) 

Baldwin 

7 

Contributors;    (a)  Galdston,   M.,   (b)  Morrow,   P.  E.,   (c)  Morse,   M.,   (d)  Shock,   N.  W. 

References:    [  1]    Morse,    M.,    Univ.  of  Chicago,    unpublished.    [2]    Shock,   N.  W.,    Norris,   A.  H.,    Landowne,   M.,   and 
Falzone,   J.  A.,   Jr.,    J.  Geront.  11:379.    1956.    (3)    Gray,   J.  S.,    Barnum,    D.  C,    Matheson,   H.  W.,   and  Spies,    S.  N., 
J.  Clin.  Invest.  29:677,    1950.    I  4r  Matheson,   H.  W.,   and  Gray,   J.  S.,    ibid  29:688,    1950.    [5]    Malamos,    B.,    Beitr. 
Klin.  Tuberk.  93:225,    1938.    [6]    Dripps,    B.  D.,   and  Coraroe,  J.  H.,   Jr.,    Am.  J.  Physiol.  M9:43.    1947.    [7]     Baldwin. 
E.  de  F.,    Cournand.   A.,   Richards,    D.  W.,   Jr.,    Medicine  27:243,    1948.    [8]    Galdston,    M.,    Wolfe,    W.  B.,   and  Steele, 
J.  M.,   J.  Appl.  Physiol.  5:17,    1952.    [9]    Cournand,    A.,    Richards,    D.  W.,   Jr.,   and  Darling,    R.  C,   Am.  Rev.  Tuberc. 
40:487,    1939. 
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95.    MECHANICS  OF  BREATfflNG 

Although  a  large  literature  has  accumulated  on  the  mechanics  of  breathing,   comparison  of  results  often  is  difficult 
because  of  differences  in  experimental  technique.    Measurements  of  lung  compliance  may  yield  different  results 
when  the  elastic  pressure  changes  are  measured  during  spontaneous  or  rapid  breathing,   as  against  those  measured 
under  true  static  conditions  when  air  flow  is  stopped  for  a  second  or  more.    An  additional  complication  in  measure- 
ments of  compliance  arises  because  the  pressures  observed  during  slow  volume  changes  depend  on  the  previous 
degree  of  expansion  of  the  lungs.    (Part  I  illustrates  slow  pressure-volume  changes  in  the  cat;  similar  lung  behavior 
has  been  observed  for  other  mammals,   including  man.)    Thus  lung  compliance  determinations  depend  on  whether 
measurements  are  made  (1)  from  the  normal  resting  volume.  (2)  after  a  deep  inspiration,  or  (3)  with  the  functional 
residual  capacity  decreased,  either  voluntarily  or  involuntarily,  from  effects  of  posture  or  anesthetics.   Most  of  the 
measurements  given  in  the  tables  below  have  been  made  from  the  resting  lung  volume,   usually  in  sitting  individuals. 
The  reservations  cited  above  apply  also  to  measurements  of  lung  resistance;  furthermore,   the  measured  resistance 
may  depend  on  the  lung  volume,   as  well  as  on  the  frequency  of  breathing. 

Contributor:    Radford,   E.  P.,   Jr. 


Parti;     SLOW  PRESSURE- VOLUME  CURVES:     CAT 

Cat,   weighing  3.7  kilograms,   lungs  exposed,   lay  in  tank  respirator;  lung  volume  changes  were  produced  by  slowly 
decreasing  tank  pressure.    Three  different  inflation  curves  were  obtained  after  the  lungs  had  been  allowed  to  deflate 
to  various  pressures.    Each  inflation  or  deflation  curve  required  20-30  seconds. 
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Pressure,    cm  H2O 
/I  /  Lungs  allowed  to  collapse  completely  and  immediately  reinflated  slowly.    /2/  Lungs  deflated  to  a  pressure 
of  0.6  cm  H^O  after  a  maximum  inflation,   then  reinflated.     /3/  Lungs  deflated  to  2  cm  H^O  and  immediately 
reinflated.     /4/  Deflation  (following  procedures  used  in  obtaining  Curve  1),   shown  for  comparison. 


Contributor:    Radford,    E.  P.,   Jr. 


Reference:    Radford,    E.  P.,   Jr.,   "Tissue  Elasticity,"  p  186,    Baltimore:    American  Physiological  Society,    1957. 
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95.    MECHANICS  OF  BREATmNG  (Continued) 

Part  U;    INTRAPULMONARY  PRESSURES  AT  VARIOUS  LUNG  VOLUMES:     MAN 

All  measurements  made  on  males  in  sitting  position.    Mean  lung  volumes  are  per  cent  of  vital  capacity  at  ambient 
pressure.    Values  in  parentheses  are  ranges,    estimate  "b"  of  the  95%  range  (cf  Introduction). 


Maximum  Expiratory  Pressure 

Maximum  Inspiratory  Pressure 

Relaxation  Pressure' 

Subjects 
no. 

Volume 
% 

Positive 

Pressure 

mm  Hg 

Subjects 
no. 

Volume 
% 

Negative 

Pressure 

mm  Hg 

Subjects 
no. 

Volume 
% 

Pressure 
mm  Hg 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 
2 
3 
4 
5 
6 
7 

12 
12 
12 
12 
12 
12 
100 

9.7 

25.0 

43.8 

60.0 

75.0 

83.0 

100.0 

41.5(14.7-68.3) 

52.5(10.9-94.1) 

69.9(30.5-109.3) 

90.0(47.0-133.0) 

93.3(58.1-128.5) 

107.0(74.4-139.6) 

119.0(86.0-145.0) 

3.9 

21.7 

34.8 

55.6 

75.7 

91.0 

86.0(47.0-125.0) 

74.6(46.4-102.8) 

63.3(25.9-100.7) 

56.8(25.6-88.0) 

44.8(16.8-72.8) 

23.6(2.2-49.4) 

0 

13.9 

31.0 

51.0 

72.0 

87.0 

100.0 

-19.2(-31.8  to  -6.6) 
-8.5(-15.5  to  -1.5) 
-1.3(-9.9  to  7.3) 
4.1(-1.9  to  10.1) 
10.5(1.9-19.1) 
14.9(0.3-29.5) 
20.6(10.2-31.0) 

1,2 

/I/  Measured  with  glottis  open  at  desired  lung  volume;  one  nostril  plugged  and  other  connected  with  a  water 
manometer. 

Contributors:    (a)  Lees,   W.  M.,    Snider,   G.  L.,   and  Fox,   R.  T.,   (b)  Radford,    E.  P..   Jr.,    (3)  Dayman,   H.  G. 

References:    [  l]    Rahn,   H..   Otis,   A.  B.,    Chadwick,    L.  E.,   and  Fenn,   W.  O.,   Am.  J.  Physiol.  146:161,    1946. 
[2]    Gross.   D.,   Am.  Heart  J.  25:335,    1943. 

Part  UI:    PRESSURE- VOLUME  DIAGRAM  OF  CHEST  AND  LUNGS:    MAN 

On  the  ordlnates  100%  of  vital  capacity  represents  the  height  of  inspiration,   and  0%  of  vital  capacity  represents 
maximum  expiration,   both  at  zero  pressure  or  ambient  pressure  in  the  lungs.    The  diagram  shows  the  pressures 
which  can  be  developed  passively  (relaxation  pressure)  or  actively  (maximum  pressures)  at  different  lung  volumes. 
In  the  upper  right  corner  where  the  lung  is  maximally  expanded  and  the  pressure  has  a  positive  value,   there  is 
danger  of  rupture  of  the  lung  (broken  line  in  diagram).    In  the  lower  left  corner  where  the  blood  vessels  are  exposed 
to  a  maximum   negative   pressure,   there  is   extreme   vasodilation  and   danger   of  hemorrhage   (broken   line   in 
diagram). 
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-100 
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-40         -20  0  20  40 

Pulmonary  Pressure,    mm  Hg 


Contributors:    (a)  Fenn,   W.  O.,   (b)  Radford,    E.  P..   Jr. 

References:    [  l]    Fenn,   W.  O.,   in  "Handbook  of  Respiratory  Physiology"  (Boothby,   W.  M.,   ed),    Randolph  Field, 
Texas:    USAF  School  of  Aviation  Medicine,    1954.    [2]    Fenn,    W.  O.,   Rivista  Di  Medicina  Aeronautica,    1955. 
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95.    MECHANICS  OF  BREATHING  (Continued) 

Part  IV:    INTRAPLEURAL  PRESSURES:    MAN 

Values  expressed  as  gauge  pressures  (cm  of  H2O  less  than  ambient  atmospheric  pressure). 


No.  and  Sex 

Inspiration 

Expiration 

Reference 

(A) 

(B) 

(C) 

(D) 

1 
2 

20* 
40ef,  10? 

-7.3(-14.0  to  -4.0) 
-9.3(-14.6  to  -3.9)1 

-3.8(-10.0  to  -2.0) 
-3.8(-8.7  to  -1.1)1 

1 
2 

/I/  Measurements  made  with  a  modified  Lillingston  and  Pearson  pneumothorax  apparatus. 

Contributors:    (a)  Lees,  W.  M.,  Snider,  G.  L.,  and  Fox,  R.  T.,  (b)  Radford,  E.  P.,  Jr. 

References:    [  1]  Lees,  A.  W.,  Glasgow  M.  J.  32:1.  1951.    [  2]  Laha,  P.  N.,  Ind.  M.  Gazette  81^:359,  1946. 

Part  V:  COMPLIANCE  OF  LUNG-THORAX  SYSTEM:  MAMMALS 


Animal 

Condition 

Weight 
kg 

Compliance 
L/cm  H2O 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

Man 

Unanesthetized,   supine 
Anesthetized,   supine 

66 

0.12 
0.062 

1-3 
1-3 

3 
4 

Cat 

Anesthetized 
Anesthetized 

3.2 
2.6 

0.0068 
0.0057 

4 
4-6 

5 
6 

Dog 

Anesthetized 
Anesthetized 

20 
11.8 

0.048 
0.0265 

5,7 
5,8 

7 

Rabbit 

Anesthetized 

2 

0.0OZ3 

9 

Contributors:    (a)  DuBois,  A.  B.,  (b)  Ross,  B.  B.,  (c)  Radford.  E.  P.,  Jr.,  (d)  Frank,  N.  R. 

References:    [l]    Niras,   R.  G.     Conner.   E.  H..   and  Comroe.   J.  H..   Jr..   J.  Clin.  Invest.  34:744.   1955.    [2]    Rahn,   H., 
Otis.   A.  B..   Chadwick,   L.  E.,   and  Fenn.    W.  O..   Am.  J.  Physiol.  r46: 161.    1946.    [3]    Otis.   A.  B.,   Fenn.   W.  O..   and 
Rahn.   H.,   J.  Appl.  Physiol.  2:592.    1950.    [4]    Nisell.   O.  I.,   and  DuBois.   A.  B..   Am.  J.  Physiol.  178:206.    1954. 
[5]    Brody,   A.  W..   ibid^28  =  '89,    1954.    [6]    Brody.   A.  W..   DuBois.   A.  B.,   NiseU,   O.  I.,   and  Engelberg.   J.,   ibid 
286:142.    1956.    [7]    Van  Lie w.   H.  D.,   ibidr77:161,    1954.    [8]    Severinghaus.   J.  W..   and  Stupfel.   M..   J.  Appl. 
Physiol.  8:81.    1955.    [9]    Bernstein.   L..   J.  Physiol.  J_23:44P.    1954. 

Part  VI:    RELAXATION  PRESSURE  CURVE:    MAN 


The  relaxation  pressure  curve  (solid 
line)  of  the  chest  and  lungs  (Pq  +  Pl) 
consists  of  two  components  (broken 
lines),  the  elasticity  of  the  chest  and 
diaphragm  (Pp)  and  the  elasticity  of 
the  lungs  (Pl).    At  the  normal  relaxa- 
tion volume,  where  the  relaxation  pres- 
sure curve  crosses  the  axis,  the 
elasticity  of  the  lung  is  exactly  bal- 
anced by  the  elasticity  of  the  chest,  and 
both  are  equal  in  magnitude  to  the 
intrapleural  pressure,  or  4  mm  Hg  at 
expiration.    The  lung  curve  intersects 
the  relaxation  pressure  curve  at  a 
volume  of  about  70%  of  the  vital  capac- 
ity, at  which  point  the  chest  curve 
crosses  the  axis  and  all  of  the  relaxa- 
tion pressure  is  due  to  the  elasticity 
of  the  lung.    The  lung  curve  presum- 
ably intersects  the  "0"  axis  in  the 
residual  air  region  at  a  point  that 
measures  the  minimal  air. 

Contributors:    (a)  Fenn.   W.  O., 
(b)  Radford,   E.  P..   Jr. 

Reference:    Fenn.  W.  O. .  in  "Handbook 
of  Respiratory  Physiology"  (Boothby, 
W.  M..  ed).  Randolph  Field.   Texas: 
USAF  School  of  Aviation  Medicine, 
1954. 
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95.    MECHANICS  OF  BREATmNG  (Continued) 

Part  VII:    PULMONARY  COMPLIANCE;    MAN 

Two  standard  methods  of  measuring  pulnnonary  compliance  give  similar  results  in  normal  subjects.    Static  Method: 
The  intra- esophageal  pressure  upon  interruption  of  air  flow  after  an  inspiration  of  0.5  and  1.0  L,   is  subtracted  from 
the  intra-esophageal  pressure  upon  interruption  of  air  flow  at  the  end  expiratory  level.    Compliance  is  expressed  as 
L/cm  H^O  pressure  difference.    Dynamic  Method:    The  intra-esophageal  pressure  at  the  instant  of  zero  air  flow 
after  inspiration,  is  subtracted  from  the  intra-esophageal  pressure  at  the  instant  of  zero  air  flow  after  expiration. 
This  pressure  difference  during  normal  breathing  is  divided  into  the  tidal  volume  of  that  breath.   The  value  is 
usually  expressed  as  an  average  for  5  or  10  breaths.   Capacity  values  are  for  ATPS.   Values  in  parentheses  are 
ranges     and  are  estimate  "c"  of  the  95%  range  (cf  Introduction),    unless  otherwise  indicated. 


Condition 

Method 

Age 

No.  and  Sex 

Functional  Residual 

Vital  Capacity 

Compliance! 
L/cm  H2O 

Refer- 

Capacity,   L 

L 

ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Supine 

Dynamic 

1  hr-7  da 

IBcf  and  9 

0.005(0.002-0.009) 

1 

2 

Sitting 

Dynamic 

28(19-49) 

49  rf 

5.02(2.20-7.80) 

0.19(0.14-0.33) 

2-4 

3 

Dynamic 

22(19-29) 

11? 

3.14(2.30-3.80)    iO.  1  3(0.09-0. 18) 

2.3,5 

4 

Static 

28(21-43) 

60  c/ 

4.70(3.30-5.90)    |0. 20(0. 14-0.31 ) 

4-7 

5 

Static 

26(18-43) 

42? 

3.57(3.00-4.20)     0.14(0.09-0.22) 

4-6,8 

6 

Static 

69(50-87) 

8rf,    18? 

3. 09(1. 79-4. 39)^1 0.1  3(0. 058-0.202)'' 

9 

7 

During  Exercise^ 

Dynamic 

24(20-36) 

29  rf 

3.84(2.5-6.5) 

0.22(0.13-0.39) 

2 

8 

Dynamic 

21(19-29) 

7? 

2.37(1.7-3.2) 

0.13(0.09-0.18) 

2,3.5 

/I/  Intra-esophageal  pressure  taken  as  equivalent  to  intrathoracic  pressure  in  determining  pressure  differential 
across  the  lung.     /2/  Treadmill  speed,    3  miles  per  hour. 


Contributors:    (a)  Mcllroy.    M.  B..   (b)  Alexander.   J.  K.,   (c)  Fritts,   H.  W.,   (d)  Frank,   N.  R. 
(f)  Turino,  G.  M. 


(e)  Radford,    E.  P.,   Jr. 


References:    [  l]    Cook.    C.  D.,   Sutherland,   J.  M.,    Segal.   S.,   Cherry,   R.  B.,    Mead.   J..    Mcllroy.   M.  B..   and  Smith, 
C.  A..   J.  Clin.  Invest.  36:440.    1957.    [2)    Marshall,    R..   unpublished.    [3]    Attinger.    E.  O..   Monroe.   R.  D.,   and 
Segal,    M.  S..   J.  Clin.  Invest.  35:905.    1956.    [4]    Frank.   N.  R.,   Mead.   J..   Siebens.   A.  A.,   and  Storey,   C.  F.,   J. 
Appl.  Physiol.  9:38,    1956.    [  5Pchermack.    R.  M..  J.  Clin.  Invest.  35:394,    1956.    [6]    Heaf,    P.  J.,   and  Prime,   F.  J., 
Clin.  Sc,   Lond.   1^:319,    1956.    [7]    Stead,    W.  W.,   Fry,   D.  L.,   and  Ebert,   R.  V.,   J.  Laborat.  Clin.  M.  40:674,    1952. 
[8l    Brown.   C.  C.    Fry.   D.  L.,   and  Ebert.    R.  V.,   Am.  J.  M.  r7:438.    1954.    [9]    Frank.   N.  R.,   Mead.   J.,   and 
Ferris,    B.  G.,   Jr.,   unpublished. 


Part  VIU:    PULMONARY  COMPLIANCE  VS  VITAL  CAPACITY:     MAN 

Measurements  made  using  the  intra-esophageal  balloon  technique  on  young  adults,  18-35  years  old,  in  sitting  position. 
Values  in  parentheses  are  ranges,  estimate  "c"  of  the  95%  range  (cf  Introduction). 


No.  and  Sex 

Vital  Capacity 

Compliance 

Reference 

L 

L/cm  H2O 

(A) 

(B) 

(C) 

(D) 

1 

9? 

2.5-3.0 

0.13(0.10-0.18) 

1-3 

2 

13? 

3.0-3.5 

0.15(0.09-0.22) 

1,4,5 

3 

18? 

3.5-4.0 

0.15(0.10-0.25) 

1,2,4-6 

4 

7rf 

3.5-4.0 

0.17(0.11-0.25) 

1,3 

5 

13<r 

4.0-4.5 

0.18(0.09-0.28) 

1-3,7 

6 

20^ 

4.5-5.0 

0.20(0.15-0.33) 

1-4,6,7 

7 

14rf 

5.0-5.5 

0.22(0.15-0.32) 

1,4,6 

8 

7<f 

Over  5.5 

0.27(0.24-0.33) 

1,4,6,7 

Contributor:    Ebert,  R.  V. 

References:    [  l]    Frank,    N.  R.,    Mead.  J.,   Siebens,   A.  A.,   and  Storey,   C.  F.,   J.  Appl.  Physiol.  9:38,    1956. 

[2]    Attinger,    E.  O..    Monroe,   R.  G.,   and  Segal,    M.  S.,   J.  Clin.  Invest.  35:905,    1956.    [3]    Heaf.    P.  J.,   and  Prime, 

F.  J.,   Clin.  Sc.,    Lond.  15:319,    1956.    [4]    Mead.   J.,   and  Whittenberger,   J.  L.,   J.  Appl.  Physiol.  5:779,    1953. 

[5]    Brown,   C.  C,    Fry,   D.  L.,   and  Ebert,   R.  V.,   Am.  J.  M.   r7:438,    1954.    [6]    Cherniack,   R.  M.,   J.  Clin.  Invest. 

35:394,    1956.    (7)    Stead.    W.  W.,    Fry.    D.  L..   and  Ebert.   R.  V..   J.  Laborat.  Clin.  M.  40:674,    1952. 
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95.    MECHANICS  OF  BREATHING  (Concluded) 
Part  IX:     PULMONARY  COMPLIANCE:    VERTEBRATES 


Animal 

Weight 
kB 

Compliance 
L/cm  H2O 

Reference 

(A) 

(B) 

(C) 

(D) 

1 
2 
3 

Man,   infant,    1  wk  old 

Man,   adult 

Cat 

3 

70 

2 

0.0052 
0.2 

0.006 

1 
2 
3 

4 

5 
6 
7 
8 

Dog 
Frog 

Guinea  pig 
Horse 
Rat 

20 

430 
0.225 

0.09 

0.001 

0.0008 

0.8 

0.0012 

4 
5 
6 
7 
8 

Contributors:  (a)  DuBois,  A.  B.,   (b)  Ross,   B.  B.,   (c)  Radford,   E.  P.,   Jr. 

References:    [l]    Cook,    C.  D.,    Cherry,   R.  B.,   O'Brien,    D..   Karlberg,   P.,   and  Smith,   C.  A.,   J.  Clin.  Invest.  34:975, 
1955.    [2]    Frank,   N.  R.,    Mead,   J.,    Siebens,   A.  A.,  land  Storey,  C.  F.,  J.  Appl.  Physiol.  9:38,  1956.  [3]    Nisell,  O.  I., 
and  DuBois,    A.  B.,    Am.  J.  Physiol.   178:20b,    1954.    [4]    Van  Liew,    H.  D.,    ibid  177:161,    1954.    [5]    Klein,    F.,    Zschr. 
Biol.  33:219,    1896.    [6]     Hild,    R.,   and  Bruckner,    G.,    Zschr.  Biol.   108:250,    1956.    [7]    McCutcheon,    F.  H.,   J. 
Cellul.  Physiol.   37:447,    1951.     [8]     Lawton,    R.   W.,    and  Joslin.    D. ,    Am.  J.  Physiol.  167:111,    1951. 

Part  X:    CLINICAL  RANGE  OF  PULMONARY  COMPLIANCE:    MAN 


Adult  male  of  average  size  (ht  =  180  cm). 

Condition 

Degree  of 
Alteration 

Compliance 
L/cm  H2O 

(A) 

(B) 

(C) 

1 

No  pulmonary  restriction 

Normal 

0.19(0.12-0.26) 

2 

Pneumonectomy,   pulmonary  congestion,   bronchospasm 

Slight 

0.09(0.06-0.12) 

3 

Asthma,   repeated  heart  failure,    poliomyelitis,   kyphoscoliosis,   pulmonary 
infiltration  (sarcoidosis,    scleroderma) 

Moderate 

0.05(0.03-0.06) 

4 

Pulmonary  fibrosis,   pulmonary  carcinomatosis 

Severe 

0.02(0.01-0.03) 

Contributors:    (a)  DuBois,  A.  B.,   (b)  Radford,   E.  P.,  Jr. 

References:    [  l]    Brown,    C.  C,    Fry,   D.  L.,   and  Ebert,   R.  V.,   Am.  J.  M.  17438,    1954.    [2]    Bondurant,   S., 
Hickara,   J.  B.,   and  Isley,   J.  K.,   J.  Clin.  Invest.  36:59,    1957.    [3]    Marshall,    R.,    McUroy,    M.  D.,   and  Christie, 
R.  v.,    Clin.  Sc.    Lend.  0:137,    1954.    [4]    Mcllroy,    M.  B.,   and  Marshall,    R.,   ibid  15:345,    1956.    [5)    Mcllroy. 
M.  B.,   and  Bates,   D.  V.,    Thorax  _n: 303,    1956.    (6]    Marshall,    R..   and  DuBois,   A.  B.,    Clin.  Sc,    Lond.  15:473, 
1956.    [7]    DuBois,   A.  B.,   Botelho,    S.  Y.,   and  Comroe,   J.  H.,   Jr.,  J.  Clin.  Invest.  35:327,    1956.    [8]    Ferris, 
B.  G.,   Jr.,    Mead.  J.,   Whittenberger,   J.  L.,   and  Saxton,   G.  A.,   Jr.,   N.  England  J.  M.  247:390,    1952. 

Part  XI:     RESISTANCE  OF  LUNGS  AND  AIRWAY:     MAN 

Resistive  pressure  determined  from  esophageal  pressure  measurements.    Values  in  parentheses  are  ranges, 
estimate  "c"  of  the  95%  range  (cf  Introduction). 


Subjects 

Rate  of  Air  Flow 
L/sec 

Resistive  Pressure 
cm  H2O 

Resistance 
cm  HzO/L/sec 

Reference 

(A) 

(B) 

(C> 

(D) 

(E) 

1 
2 
3 

4 
5 

18  infants,   newborn 
8  adults,  male 

1  adult,  male  (asthmatic) 

0.05 

0.5 

1.0 

1.5 

0.5 

1.0 

0.85(0.55-1.20)' 

1.81(1.10-2.55)' 

2.87(1.75-4.25)' 

I7.7I 

29 

1.70 

1.81 

1.91 

35.4 

1 
2 
2 
2 
Z 

/I/    Measured  during  Inspiration  only. 

Contributor:    Radford,  E.  P.,  Jr. 

References:    [  l]    Cook,   C.  D.,   Sutherland,   J.  M.,   Segal.   S.,   Cherry,    R.  B.,   Mead,  J.,    Mcllroy,    M.  B.,   and  Smith, 
C.  A.,   J.  Clin.  Invest.  36:440,    1957.    [  2j    Mcllroy,    M.  B.,    Mead,   J.,   Selverstone.   N.  J.,   and  Radford,    E.  P.,  Jr., 
J.  Appl.  Physiol.  7:485,    1955. 
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101.  VENTILATION  AND  GAS  EXCHANGE  VS  EXERCISE  AND  RECOVERY:  MAN 


Data  from  subjects  clinically  free  of  pulmonary  or  cardiovascular  disease  and  in  basal  conditions.      Values  for  males 
and  females  calculated  separately.      STPS  conditions. [l]       Ranges  in  parentheses  conform  to  estimate  "b"  of  the  95% 


Variable 

Males 

Group  I:    Age  16-34  yr 

Group  II;     Age  35-49  yr 

Group  lU:    Age  52- 

69  yr 

(A) 

(B) 

(C) 

(D) 

Physical  characteristics 

1 

Age,   yr 

25.5(mean) 

42.7(mean) 

59. 6(  mean) 

2 

Height,   cm 

173.8(156.6-191.0) 

171.7(157.8-185.6) 

169.6(153-186.2) 

3 

Weight,   kg 

66.0(49.4-82.6) 

64.9(42.5-87.3) 

66.3(49.1-83.5) 

4 

Body  surface  area,   sq  m 

1.77(1.29-2.05) 

1.80(1.48-2.12) 

1.80(1.50-2.70) 

5 

Vital  capacity,   supine,   cc' 

4012(2780-5244) 

4160(3200-5120) 

3417(1767-5067) 

6 

Maximal  breathing  capacity. 

standing,    L/min' 

126.0(67.8-183.2) 

109.4(77.6-141.2) 

90.6(57.0-124.2) 

Ventilation,    L,/min/sq  m  BSA*^ 

7 

Basal 

'6(3.0-4.2) 

3.1(2.1-4.1) 

3.9(3.0-4.8) 

8 

1  min  standard  exercise 

11.0(6.4-15.6) 

10.0(5.4-14.6) 

11.2(5.8-16.6) 

9 

1st    min  recovery 

12.5(8.3-16.7) 

13.4(8.2-18.6) 

14.5(9.5-19.5) 

10 

2nd    min  recovery 

8.6(5.6-11.6) 

9.4(5.2-11.2) 

10.8(6.8-14.8) 

11 

5th    min  recovery 

5.2(3.94-6.46) 

5.2(3.8-6.6) 

6.3(2.9-8.7) 

Oxygen  consumption,    cc/min/ 

sq  m,    BSA 

12 

Basal 

146(118-174) 

131(111-151) 

132(98-166) 

13 

1  min  standard  exercise 

503(331-675) 

481(301-661) 

506(326-686) 

14 

5th    min  recovery 

1488(1144-1832) 

1493(1301-1665) 

1511(1183-1839) 

Oxygen  removal,   cc/L  ventil. 

15 

Basal^ 

47.1(37.1-57.1) 

46.1(35.1-57.1) 

38.5(33.7-43.3) 

16 

1  min  standard  exercise 

56.2(41.4-71.0) 

55.7(42.3-69.1) 

55.7(42.3-69.1) 

Variable 

Females 

Group  I:    Age  16-34  yr 

Group  II:    Age  35-49  yr 

Group  UI:    Age  50 

79  yr 

(A) 

(E) 

(F) 

(G) 

Physical  characteristics 

1 

Age,   yr 

25.1(mean) 

43.3(mean) 

59.8(mean) 

2 

Height,   cm 

161.8(149.4-174.2) 

164.0(150.4-177.6) 

158.4(145.0-171.8) 

3 

Weight,   kg 

59.2(37.0-81.4) 

62.6(32.0-93.2) 

67.2(45.2-89.2) 

4 

Body  surface  area,    sq  m 

1.58(1.30-1.86) 

1.72(1.38-2.06) 

1.7(1.46-1.94) 

5 

Vital  capacity,   supine,   cc' 

3057(1955-4159) 

2830(2036-3624) 

2431(1367-3495) 

6 

Maximal  breathing  capacity. 

standing,    L/min^ 

93.7(68.5-118.9) 

89.3(53.5-125.2) 

73.5(39.9-107.1) 

Ventilation,   L/min/sq  m  BSA'' 

7 

Basal 

3.2(2.4-4.0) 

3.2(2.4-4.0) 

3.4(2.6-4.2) 

8 

1  min  standard  exercise^ 

9.0(5.6-12.4) 

11.4(7.8-15.0) 

11.4(8.0-14.8) 

9 

1st    min  recovery 

10.9(7.9-13.9) 

11.9(8.5-15.3) 

12.6(8.2-17.0) 

10 

2nd    min  recovery 

8.1(5.5-10.7) 

9.2(5.8-12.6) 

8.5(6.7-10.3) 

U 

5th    min  recovery 

4.9(3.7-6.1) 

5.2(3.2-7.2) 

4.5(2.3-6.7) 

Oxygen  consumption,   cc/min/ 

sq  m,    BSA 

12 

Basal 

126(106-146) 

126(108-144) 

126(107-151) 

13 

1  min  standard  exercise 

463(311-615) 

505(323-690) 

512(370-654) 

14 

5th    min  recovery 

1318(1158-1478) 

1368(1184-1552) 

1348(1078-1618) 

Oxygen  removal,   cc/L,  ventil. 

15 

Basal* 

45.1(36.5-53.7) 

46.0(35.2-58.8) 

44.5(36.7-52.3) 

16 

1  min  standard  exercise 

60.2(41.2-79.2) 

53.6(38.8-68.4) 

53.5(40.7-66.3) 

III     Lung  volumes  and  maximal  breathing  capacity  determined  by  spirographic  method.      Lung  volumes,   method  of 
Christie  [2]  ,   modified  by  Hurtado  and  Bailer  [3]  .      For  lung  volumes,   resting  pulmonary  mid-position  is  point  of 
reference  from  which  all  measurements  are  taken  (position  of  return  end  quite  expiration).    The  volume  of  air  con- 
tained then  in  the  chest  is  the  sum  of  the  reserve  and  residual  airs  [2-8]  .      Maximal  breathing  capacity  apparatus, 
modified  recording  spirometer  of  closed-circuit  type  derived  from  Benedict-Roth,  calculations  at  37     C.  (  9]  /2/ 
Apparatus:    tissot  gasometer,   electrically  driven  kymograph;  Douglas  bag  interposed  through  three-way  valve  into 
inflow  circuit  to  spirometer;  inspiratory  flutter  valves  connected  through  tube  and  mouth  piece  to  patient.      CO2, 
O2  determinations  by  Haldane  apparatus.      Ill    Step  up  on  platform,    20  cm  high,     and  down  again  at  rate  of  30 
cycles/min.     /4/    Rate  of  O^  removal  calculated  as  difference  between  inspired  and  expired  air  O^  concentrations. 


Contributor:  (a)  Cohn,  J.  E.,  (b)  Harden,  K.  A. 
References:  [1]  Baldwin,  E.  de  F.,  Cournand,  A., 
R.  v.,  J.  Clin.  Invest.  _n:  1099,  1932.  [3]  Hurtado, 
Schierbeck,  K.,  Acta  med.  scand.  58:541,  1923.  [5] 
and  Brow,  G.  R.,  ibid^:677,  1924.  [7]  Robinson, 
sprilfung  der  Atraung,  "    Leipzig:  J.  A.  Barth,    1937. 


and  Richards,   D.  W.,   Jr..   Medicine  27:243,    1948.    [2]      Christie, 
A.,   and  BoUer,   C,   ibid  1^:793,    1933.    [4]      Lundsgaard,   C,   and 

Binger,    C.  A.,   J.  Exp.  M.     38:445,    1923.    [6]      Binger,    C.  A., 
S.,   Arbeitsphysiologie  J^:3,    1938.    [8]      Anthony,   A.  J.,   "Funktion- 
[9]      Sonne,   C,   Zschr.  ges.  exp.  Med.  94:13,    1934. 
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102.    EFFECTS  OF  EXERCISE  ON  PULMONARY  FUNCTION  AND  HEART  RATE:     MAN 
Values  in  parentheses  are  estimate  "c"  of  the  95%  range  (cf  Introduction). 
Parti:     MALES.   4-33  YEARS 
Values  obtained  over  a  six-minute  period  during  maximal  work  on  a  treadmill  or  bicycle  ergometer. 


Variable 

4-6  yr 

7-9  yr 

10-11  yr 

12-13  yr 

14-15  yr 

16-18  yr 

20-33  yr 

(10  Subjects) 

(12  Subjects) 

(13  Subjects) 

(19  Subjects) 

(10  Subjects) 

(9  Subjects) 

(42  Subjects) 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Body  height,  cm 

113.5 

135.0 

145.4 

154.4 

171.8 

176.9 

176.7 

(107-128) 

(125-143) 

(132-157) 

(139-169) 

(150-188) 

(165-187) 

(165-188) 

2 

Body  weight,  kg 

20.8 

30.7 

36.5 

43.6 

59.5 

64.1 

70.4 

(16.0-27.8) 

(25.1-36.5) 

(31.1-44.7) 

(31.8-60.6) 

(40.6-76.2) 

(45.2-73.4) 

(61.7-86.6) 

3 

Vital  capacity. 

2.21 

2.65 

3.22 

4.55 

5.17 

5.68 

BTPS,    L 

(1.84-2.51) 

(2.24-3.25) 

(2.52-4.33) 

(2.78-6.57) 

(3.20-6.48) 

(4.17-7.26) 

4 

Max.  heart  rate. 

203 

208 

211 

205 

20  3 

202 

194 

beats /min 

(188-214) 

(191-220) 

(200-227) 

(175-237) 

(178-222) 

(194-220) 

(171-212) 

5 

Max.  O2  uptake. 

1.01 

1.75 

2.04 

2.46 

3.53 

3.68 

4.11 

STPD,  L/min 

(0.77-1.30) 

(1.40-2.01) 

(1.78-2.32) 

(1.79-3.40) 

(2.59-4.47) 

(2.48-4.35) 

(3.30-5.09) 

6 

Max.  O^.  uptake. 

49.1 

56.9 

56.1 

56.5 

59.5 

57.6 

58.6 

STPD, 

(43.2-57.6) 

(51.8-62.7) 

(51.1-61.5) 

(53.0-61.9) 

(54.8-63.7) 

(51.0-62.4) 

(51.1-67.4) 

ral/min/kg 

7 

Max.  pulmonary 

39.8 

61.8 

70.5 

75.2 

112.9 

110.3 

111.3 

ventilation. 

(30.9-43.5) 

(44.1-75.2) 

(50.0-77.5) 

(58.1-105.0) 

(84.5-140.3) 

(79.6-139.3) 

(91.5-160.3) 

BTPS,  L/min 

8 

Max.  respira- 

70.4 

67.0 

57.5 

54.1 

52.9 

44.7 

39.9 

tory  rate. 

(63-90) 

(55-83) 

(32-77) 

(31-68) 

(39-68) 

(28-60) 

(27-59) 

breaths /rain 

9 

Max.  tidal 

0.60 

1.05 

1.33 

1.59 

2.52 

2.77 

3.05 

volume,   L 

(0.43-0.87) 

(0.72-1.25) 

(1.12-1.62) 

(1.02-2.54) 

(1.62-3.26) 

(1.68-3.40) 

(2.26-4.72) 

10 

Max.  blood 

56.3 

82.0 

84.0 

79.1 

90.4 

104.9 

112.0 

lactic  acid. 

(33-76) 

(60-110) 

(50-125) 

(45-143) 

(74-113) 

(83-138) 

(71-158) 

rag  % 

11 

O2  uptake, 
maximal 
basal 

6.8 

9.4 

10.2 

10.9 

13.1 

13.5 

15.7 

Contributor:  „Astrand,  P.-O. 

Reference:    Astrand,  P.-O.,    "Experimental  Studies  of  Physical  Working  Capacity  in  Relation  to  Sex  oind  Age, 

Copenhagen:     Ejnar  Munksgaard,    1952. 

Part  II:     MALES,    20-66  YEARS 


Values  obtained  over  a  five-minut 

e  period  during 

maximal  work  on  a  treadmill. 

Variable 

20-29  yr 
(11  Subjects) 

31-38  yr 
(11  Subjects) 

40-48  yr 
(10  Subjects) 

48-55  yr 
(8  Subjects) 

59-66  yr 
(7  Subjects) 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 
2 
3 
4 
5 
6 
7 

Body  height,    cm 
Body  weight,   kg 
Vital  capacity,  BTPS,    L 
Max.  heart  rate,   beats/min 
Max.02  uptake,  STPD,  L/min 
Max.  O2  uptake.  STPD.  ml/min/kg 
Max.  pulmonary  ventilation, 
BTPS,    L/min 

180 

72.9 

5.25(4.20-6.03) 

193(186-197) 

3.53(2.56-4.50) 

48.7(41.9-55.6) 

118.2(104-135) 

175 

77.5 

4.76(3.83-6.49) 

187(176-206) 

3.42(2.76-3.97) 

43.1(37.6-52.8) 

122.4(103-147) 

177 

75.6 

4.28(3.76-5.16) 

178(166-184) 

2.92(2.30-3.62) 

39.5(33.7-46.5) 

97.6(72-133) 

172 

68.6 

4.16(3.60-5.52) 

174(161-185) 

2.63(2.24-3.35) 

38.4(33.7-43.2) 

86.8(57-114) 

173 

68.9 

4.05(3.45-5.04) 

165(154-176) 

2.35(1.64-3.15) 

34.5(30.2-41.7) 

80.8(62-106) 

8 

Max.  respiratory  rate,   breaths/ 

min 
Residual  air,   BTPS,   L 
Max.  blood  lactic  acid,   mg  % 

43(32-56) 

43(32-48) 

39(28-48) 

38(28-58) 

35(26-44) 

9 
10 

1.66(0.84-2.94) 
89(60-121) 

1.60(1.27-2.12) 
97(70-129) 

1.48(0.66-2.24) 
85(67-114) 

1.81(1.00-2.38) 
73(59-91) 

1.72(1.43-2.39) 
58(46-70) 

Contributor:    Asmussen,    E. 

Reference:    Robinson,   S.,   Arbeitsphysiologie  10:251, 


1938. 
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102.    EFFECTS  OF  EXERCISE  ON  PULMONARY  FUNCTION  AND  HEART  RATE:    MAN  (Concluded) 
Values  in  parentheses  are  estimate  "c"  of  the  95%  range  (cf  Introduction). 
Part  III:     FEMALES,   4-25  YEARS 
Values  obtained  over  a  six- minute  period  during  maximal  work  on  a  treadmill  or  bicycle  ergometer. 


Variable 

4-6  yr 

7-9  yr 

10-11  yr 

12-13  yr 

14-15  yr 

16-17  yr 

20-25  yr 

(7  Subjects) 

(14  Subjects) 

(13  Subjects) 

(13  Subjects) 

(11  Subjects) 

(10  Subjects) 

(44  Subjects) 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Body  height,    cm 

111.6 

132.0 

140.6 

158.5 

164.9 

167.7 

165.8 

(108-114) 

(121-142) 

(129-148) 

(150-175) 

(156-173) 

(162-176) 

(155-175) 

2 

Body  weight,   kg 

18.4 

27.2 

32.5 

46.7 

56.0 

57.3 

60.3 

(17.4-21.9) 

(20.6-33.0) 

(27.0-37.4) 

(39.6-60.5) 

(46.2-67.1) 

(50.5-63.7) 

(50.0-72.8) 

3 

Vital  capacity. 

1.95 

2.30 

3.25 

3.74 

4.14 

4.28 

BTPS,    L 

(1.69-2.24) 

(1.88-2.63) 

(2.52-4.01) 

(2.94-4.32) 

(3.24-5.04) 

(3.15-5.76) 

4 

Max.  heart  rate. 

204 

211 

209 

207 

202 

206 

198 

beats/min 

(176-214) 

(194-233) 

(192-220) 

(188-222) 

(192-217) 

(188-214) 

(184-225) 

5 

Max.  O2  uptake. 

0.88 

1.50 

1.70 

2.31 

2.58 

2.71 

2.90 

STPD,  L/min 

(0.74-0.94) 

(1.21-1.79) 

(1.48-1.94) 

(2.01-2.72) 

(2.02-3.31) 

(2.25-3.08) 

(2.41-3.40) 

6 

Max.  O2  uptake. 

47.9 

55.1 

52.4 

49.8 

46.0 

47.2 

48.4 

STPD, 

(42.4-52.2) 

(49.3-58.8) 

(46.4-56.1) 

(45.0-53.5) 

(42.5-52.5) 

(42.8-51.2) 

(43.2-59.6) 

ml/min/kg 

7 

Max.  pulmonary 

33.9 

57.3 

61.1 

79.9 

87.9 

93.8 

89.8 

ventilation. 

(31.0-38.9) 

(48.2-67.6) 

(46.2-80.9) 

(65.5-102.6) 

(68.4-100.7) 

(73.6-119.1) 

(74.4-114.8) 

BTPS,    L/min 

8 

Max.  respira- 

66.4 

67.1 

61.3 

54.4 

51.6 

51.2 

46.0 

tory  rate. 

(56-81) 

(54-94) 

(51-82) 

(41-88) 

(40-58) 

(44-60) 

(28-63) 

breaths /min 

9 

Max.  tidal 

0.52 

0.91 

1.05 

1.64 

1.87 

1.95 

2.10 

volume,   L 

(0.40-0.58) 

(0.64-1.22) 

(0.85-1.36) 

(1.28-2.54) 

(1.34-2.41) 

(1.43-2.28) 

(1.64-3.29) 

10 

Max.  blood 

60 

76.5 

82.2 

97.6 

100.5 

110.2 

103.6 

lactic  acid, 

(51-69) 

(64-85) 

(56-116) 

(76-119) 

(73-145) 

(77-144) 

(69-134) 

rag  % 

11 

O2  uptake, 
maximal 
basal 

6.6 

9.1 

9.6 

10.8 

11.6 

12.6 

14.0 

Contributor:    Astrand,   P.-O. 

Reference:    Astrand,    P.-O.,    "Experimental  Studies  of  Physical  Working  Capacity  in  Relation  to  Sex  and  Age, 
Copenhagen;    Ejnar  Munksgaard,    1952. 

103.  EFFECT  OF  VARIOUS  WORK  LOADS  ON  PULMONARY  FUNCTION  AND  HEART  RATE:  MAN 


Values  are  for  healthy,   well-trained  males  and  females  during  work  on  a  bicycle  ergometer. 
are  ranges,   estimate   "c"   of  the  95%  range  (cf  Introduction). 


Values  in  parentheses 


Work  Load 

Variable 

600  kg- m/ min 

900  kg-m/min 

1200  kg-ra/min 

1500  kg-m/min 

91 

rf2 

9' 

rf-; 

rf2 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 
2 
3 
4 
5 
6 

7 

O2  uptake,    STPD.    L/min 
Net  efficiency,    % 
Oi  uptake,    %  of  maximal^ 
Heart  rate,    beats/min 
Ventilation,  BTPS,  L/min 
Ventilatory  equiv- 

alent"* 
Ventilation,  %  of  maximal^ 

1.48(1.36-1.66) 

22.5(19.5-24.5) 

52(43-64) 

138(120-156) 

34.7(25.3-45.6) 

23.4(18.3-28.3) 

39(26-52) 

2.09(1.92-2.23) 

23.4(22.0-25.5) 

50(44-61) 

128(102-148) 

41.9(34.6-52.7) 

20.1(16.4-25.3) 

34(27-49) 

2.06(1.90-2.24) 

23.1(21.3-25.3) 

73(59-87) 

168(146-192) 

50.6(39.0-62.4) 

24.5(19.9-29.0) 

56(36-73) 

2.67(2.43-2.83) 

23.7(22.1-26.6)- 

64(52-78) 

148(130-169) 

55.2(42.7-65.6) 

20.6(15.8-24.7) 

45(33-64) 

3.33(3.02-3.64) 

23.3(21.1-25.7) 

79(71-96) 

167(148-188) 

70.9(60.2-89.0) 

21.1(17.8-26.6) 

58(49-86) 

/I/  31  subjects.     /2/  21  subjects.     /3/  Values  calculated  as  ratio  of  actual  O^  uptake  to  maximal  O2  uptake  capacity. 
/4/  Line  5  -^  Line  1.     /5/  Values  calculated  as  ratio  of  actual  ventilation  to  maximal  ventilation  capacity. 
Contributors:     (a)   Astrand,    P.-O.,   (b)  Asmussen,    E.,   (c)  Suskind,    M.,    (d)  Filley,   G.  F. 

Reference:     Astrand,    P.-O.,    "Experimental  Studies  of  Physical  Working  Capacity  in  Relation  to  Sex  and  Age," 
Copenhagen:     Ejnar  Munksgaard,    1952. 
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104.    SUMMARY,  EFFECTS  OF  EXERCISE  ON  PULMONARY  FUNCTION  AND 
HEART  RATE:    MEN  AT  VARIOUS  AGES 


AH  values  obtained  over  a  five-  or  six- minute  period  during  maximal  work  on  a  treadmill  or  bicycle  ergometer. 


b 
5   - 


J     4 
3 

2 


.5     3 
E 

-^     2 


32 

^  24 

£  20 

16 


210 


190 


170 


120 
g  100 
S  80 
-5  60 
40 


60 


30 


•   =  Astrand  (  1 ) 

X    =  Robinson  [  2 

^   =  Astrand,  physical  educ.  students  f  l] 

Vertical  lines  denote  range 


Vital  capacity 

X -X. 


10 


20 


30 
Yr 


40 


50 


60 


Contributor:    Asmussen,    E. 

References:    [  l]    Astrand,    P.  -O..   "Experimental  Studies  of  Physical  Working  Capacity  in  Relation  to  Sex  and  Age, 
Copenhagen:     Ejnar  Munksgaard,    1952.    [2]    Robinson,    S.,   Arbeitsphysiologie  1^:251 ,    1938. 
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The  oxygen  requirement  per  m 
given  minute  if  an  oxygen  debt 
Values  in  parentheses  are  calc 
weighing  70  kg  are  proportiona 


105.     ENERGY  COST  OF  PRCX;RESSI0N;     MAN 

inute  for  a  given  rate  of  energy  expenditure  may  exceed  the  oxygen  uptake  during  any 
is  being  accumulated,    resulting  in  very  high  values  for  level  running  and  swimming, 
ulations,    assuming  one  liter  of  O^  =  5  Calories.    Values  for  all  subjects  listed  as 
1  calculations  from  values  for  subjects  of  other  weights. 


Activity 

Subjects 

Speed 

Energy 

Requirement 
L/min 

No. 

Sex 

Wt.  kg 

Remarks 

mi/hr 

kra/hr 

Cal/min 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 

Resting,   supine,  basal 

5 

<s 

68 

19-25  yr 

1.2 

(0.238) 

1.2 

2 

22 

9 

55 

22  yr 

1.0 

(0.196) 

3 

Resting,   sitting 

5 

d- 

68 

19-25  yr 

1.8 

(0.360) 

1,2 

4 

22 

9 

55 

22  yr 

1.1 

(0.218) 

5 

Resting,   standing 

5 

rf 

68 

19-25  yr 

2.0 

(0.396) 

1,2 

6 

22 

5 

55 

22  yr 

1.1 

(0.222) 

7 

Walking,    level 

2 

a 

70 

Soldiers 

2.3 

3.7 

3.5 

(0.70) 

8 

1 

a 

70 

Laboratory  worker 

3.2 

5.2 

4.5 

(0.90) 

9 

2 

a 

70 

Soldiers 

3.5 

5.6 

4.8 

(0.97) 

10 

2 

a 

70 

Soldiers 

4.6 

7.4 

7.8 

(1.57) 

11 

Walking,   level, 

1 

a 

75 

Adult 

2.5 

4.0 

4.2 

0.85 

6 

12 

treadmill 

3.8 

6.0 

5.6 

1.15 

13 

5.0 

8.0 

9.5 

1.94 

14 

6.3 

10.0 

17.0 

3.47 

15 

1 

d 

63 

Trained  athlete 

5.0 

8.0 

7.7 

1.57 

6 

16 

6.3 

10.0 

11.3 

2.31 

17 

7.5 

12.0 

15.7 

3.21 

Walking,   level 

18 

Hard  surface  road 

2 

f 

68-69 

Carrying  9-kg  clothing 

3.5 

5.5 

5.6 

1.13 

7 

19 

20 

Grass-covered  road 
Furrow  in  field 

and  apparatus 

I'. 

5.6 
5.4 

6.3 
7.0 

1.28 
1.43 

21 
22 

Harvested  field 
Plowed  field 

3.3 
3.3 

5.2 
5.3 

6.9 
7.7 

1.41 
1.57 

23 

Harrowed  field 
Hard  snow 

3.2 

5.1 

10.0 

2.05 

24 

1 

a 

83 

3.8 

6.0 

11.2 

2.29 

8 

25 

Soft  snow 

5.7 

9.1 

15.8 

3.22 

26 

1 

a 

83 

Carrying  20 -kg  load 

2.5 

4.0 

20.2 

4.13 

8 

27 

Walking,    level. 

5 

a 

70 

1  miner,  2  athletes, 

1.0 

1.6 

3.5 

(0.70) 

9 

28 
29 

carrying  21 -kg  load 

2  sedentary  workers 

2.0 
3.0 

3.2 
4.8 

4.5 
5.8 

(0.90) 
(1.16) 

30 

4.0 

6.4 

9.0 

(1.80) 

31 

Walking,  gradel,  2.7% 

2 

<f 

70 

Soldiers 

3.5 

5.6 

6.1 

(1.23) 

4 

32 

uphill                    5.0% 

1 

a 

70 

Trained  individual 

2.0 

3.2 

4.1 

(0.83) 

10 

33 

5.0% 

1 

a 

70 

Trained  individual 

2.5 

4.0 

4.8 

(0.97) 

10 

34 

5.5% 

1 

d 

70 

Soldier 

3.5 

5.6 

7.5 

(1.50) 

4 

35 

6.2% 

2 

a 

70 

Soldiers 

3.5 

5.6 

7.8 

(1.56) 

4 

36 

7.3% 

2 

cT 

70 

Laboratory  workers 

3.5 

5.6 

8.6 

(1.73) 

4 

37 

8.3% 

1 

<f 

70 

Soldier 

3.5 

5.6 

9.3 

(1.87) 

4 

38 

8.6% 

2 

a 

70 

Laboratory  workers 

2.4 

3.8 

7.2 

(1.43) 

4 

39 

8.6% 

64 

cf 

70 

1  marathon  runner,  23 
sharecroppers,   40 
trained  individuals 

3.5 

5.6 

9.3 

(1.87) 

4 

40 

9.0% 

2 

a 

70 

Soldiers 

3.5 

5.6 

9.3 

(1.87) 

4 

41 

10.0% 

7 

<f 

70 

Civilian  public  service 
workers 

3.5 

5.6 

9.7 

(1.93) 

11 

42 

11.8% 

2 

a 

70 

Soldiers 

3.5 

5.6 

11.0 

(2.20) 

4 

43 

14.4% 

2 

a 

70 

Soldiers 

3.5 

5.6 

12.3 

(2.47) 

4 

44 

Walking,  graded,  0% 

2 

a 

70-79 

2.6 

4.2 

3.9-4.4 

0.80-0.90 

12 

45 

treadmill,            5% 

5.4-5.9 

1.10-1.20 

46 

uphill                     10% 

7.4-7.8 

1.51-1.60 

47 
48 

15% 
20% 

9.7-10.3 
12.2-13.0 

1.98-2.10 
2.48-2.65 

49 

25% 

14.7-15.8 

3.00-3.23 

50 

Walking,  graded,  0% 

2 

a 

70-79 

2.6 

4.2 

3.9-4.4 

0.80-0.90 

12 

51 

treadmill,            5% 

3.4-3.7 

0.70-0.76 

52 

downhill               10% 

3.3-3.6 

0.68-0.73 

53 

15% 

3.7-3.8 

0.75-0.77 

54 

20% 

4.2-4.3 

0.85-0.88 

55 

25% 

4.8-4.9 

0.97-1.00 

/I/  Grade  =  the  distance  the  body  rises,   expressed  in  per  cent  of  the  distance  travelled.     Ill  Grade 
29°  of  incline. 


5%  for  each 


147 


105.    ENERGY  COST  OF  PROGRESSION:    MAN  (Continued) 

The  oxygen  requirement  per  minute  for  a  given  rate  of  energy  expenditure  may  exceed  the  oxygen  uptake  during  any 
given  minute  if  an  oxygen  debt  is  being  accumulated,   resulting  in  very  high  values  for  level  running  and  swimming. 
Values  in  parentheses  are  calculations,   assuming  one  liter  of  O^  =  5  Calories.    Values  for  all  subjects  listed  as 
weighing  70  kg  are  proportional  calculations  from  values  for  subjects  of  other  weights. 


Activity 

Subjects 

Speed 

Energy 

Expenditure 

Cal/min 

O2 

Requirement 

L/min 

No. 

Sex 

Wt,   kg 

Remarks 

mi/hr 

km/hr 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

56 

Walking,  35.8%  graded 

5 

a 

70 

1   miner,    2  athletes,  2 

0.5 

0.8 

6.2 

(1.23) 

9 

57 

carrying  21 -kg  load 

sedentary  workers 

1.0 

1.6 

11.3 

(2.27) 

58 

1.5 

2.4 

14.0 

(2.81) 

59 

Running,   level 

2 

a 

70 

Soldiers 

5.7 

9.2 

12.0 

(2.40) 

4 

60 

6.9 

11.0 

14.5 

(2.90) 

61 

1 

d" 

70 

Athlete^ 

11.4 

18.4 

21.7 

(4.33) 

13 

62 

13.2 

21.1 

38.8 

(7.77) 

63 

14.6 

23.5 

44.7 

(8.93) 

64 

14.8 

23.7 

48.0 

(9.60) 

65 

15.8 

25.3 

65.2 

(13.03) 

66 

17.2 

27.7 

79.0 

(15.80) 

67 

18.6 

29.8 

129.8 

(25.57) 

68 

18.9 

30.4 

158.0 

(31.60) 

69 

Running,   level. 

1 

d- 

74 

Running,   at  "steady 

7.5 

12.0 

15.7 

3.20 

14 

70 

treadmilH 

state" 

8.8 

14.0 

18.1 

3.70 

71 

10.0 

16.0 

21.1 

4.30 

72 

11.3 

18.0 

25.0 

5.10 

73 

12.5 

20.0 

33.3 

6.80 

74 

Running,   level. 

1 

a 

75 

Running  800  meters 

12.0 

19.2 

34.8 

7.10 

15 

75 

on  track"* 

1 

a 

74 

Running  400  meters 

16.4 

26.3 

89.6 

18.30 

15 

76 

1 

a 

70 

Running  200  meters 

17.6 

28.1 

160.9 

32.85 

15 

77 

1 

a 

72 

Running  100  meters 

18.0 

28.8 

227.2 

46.40 

16 

78 

Running,  8.6%  gradel 

25 

a 

70 

1  marathon  runner,  12 
adults,    12  boys 

5.8 

9.3 

12.6 

(2.53) 

4 

79 

64 

a 

70 

1  marathon  runner,  23 
sharecroppers,    40 
trained  individuals 

7.0 

11.3 

15.8 

(3.17) 

4 

80 

Bicycling,    level 

1 

a 

70 

Laboratory  worker  on 

5.5 

8.9 

3.2 

(0.63) 

17 

81 

bicycle  weighing  21 

9.4 

15.1 

5.8 

(1.17) 

82 

kg 

13.2 

21.3 

10.0 

(2.00) 

83 

Bicycling,  3.5%grade2 

1 

a 

85 

Well-trained  individual 

6.3 

10.0 

7.8 

1.60 

18 

84 

treadmill,   uphill 

on  bicycle  weighing 

7.5 

12.0 

8.8 

1.80 

85 

17  kg 

8.8 

14.0 

10.1 

2.05 

86 

10.0 

16.0 

11.3 

2.30 

87 

11.3 

18.0 

12.8 

2.60 

88 

12.5 

20.0 

14.2 

2.90 

89 

13.8 

22.0 

16.2 

3.30 

90 

Bicycling,  grade,  2% 

1 

tf 

79 

On  bicycle  weighing 

5.4 

8.6 

6.0 

1.22 

12 

91 

treadmill,             4% 

16  kg 

8.7 

1.77 

92 

uphill                       6% 

11.4 

2.33 

93 

8% 

14.1 

2.88 

94 

10% 

16.9 

3.45 

95 

Bicycling,  grade,  2% 

1 

a 

79 

On  bicycle  weighing 

5.4 

8.6 

2.5 

0.51 

12 

96 

treadmill.            4% 

16  kg 

2.9 

0.59 

97 

downhill                6% 

3.3 

0.67 

98 

8% 

3.7 

0.75 

99 
100 

10% 
12% 

4.1 
4.4 

0.83 
0.90 

101 

Free-wheeling 

2.4 

0.48 

102 

Rowing,   calm  water 

3 

a 

70 

Laboratory  workers  in 

2.0 

3.2 

4.8 

(0.97) 

19 

103 
104 

rowboat  with  assist- 
ant; 2  oars  used 

2.5 
3.0 

4.0 
4.8 

6.5 
8.7 

(1.30) 
(1.73) 

105 

3.5 

5.6 

11.0 

(2.50) 

106 

Rowing  machine 

I 

rf 

70 

Expert  oarsmen  in  ex- 

10.9 

17.4 

16.2 

(3.23) 

20 

107 

ergometer 

3 

(t 

70 

cellent  condition;  1 

11.3 

18.1 

18.8 

(3.77) 

108 

1 

a 

70 

oar  used3 

12.0 

19.2 

25.0 

(5.00) 

109 

Skating,   smooth  ice 

2 

a 

70 

Laboratory  workers; 

9.0 

14.5 

7.8 

(1.57) 

21 

110 

skating  skill,  good 

11.0 

17.6 

10.3 

(2.07) 

/I/  Grade  =  the  distance  the 
2.90  of  incline.  /3/  O2  debt 
work  and  recovery. 


body  rises,    expressed  in  per  cent  of  the  distance  travelled 
included  in  values  given  for  this  subject.     /4/  O2  determinat 


III  Grade  =  5%  for  each 
ion  from  total  O2  uptake  in 
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105.    ENERGY  COST  OF  PROGRESSION:     MAN  (Continued) 

The  oxygen  requirement  per  minute  for  a  given  rate  of  energy  expenditure  may  exceed  the  oxygen  uptake  during  any 
given  minute  if  an  oxygen  debt  is  being  accumulated,   resulting  in  very  high  values  for  level  running  and  swimming. 
Values  in  parentheses  are  calculations,   assuming  one  liter  of  O2  =  5  Calories.    Values  for  all  subjects  listed  as 
weighing  70  kg  are  proportional  calculations  from  values  for  subjects  of  other  weights. 


Activity 

Subjects 

Speed 

Energy 

O2 

Requirement 
L/min 

Reference 

No. 

Sex 

Wt,  kg 

Remarks 

rai/hr 

kra/hr 

Cal/rain 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

HI 

Skating,  smooth  ice 
(concluded) 

2 

rf 

70 

Laboratory  workers; 
skating  skill,   good 

13.0 

20.9 

13.0 

(2.60) 

21 

112 

Skiing,   level 

1 

a 

83 

Skiing,   at  "steady 

2.6 

4.2 

8.3 

1.69 

8 

113 

state"  on  loose  snow 

3.9 

6.3 

11.5 

2.34 

114 

5.3 

8.4 

14.8 

3.02 

115 

6.7 

10.7 

15.4 

3.14 

116 

8.2 

13.1 

21.6 

4.41 

117 

9.2 

14.7 

25.7 

5.24 

118 

Skiing,  level,  carrying 
ZO-kg  load 

1 

<s 

83 

Skiing,   at  "steady 
state"  on  loose  snow 

2.5 

4.0 

12.6 

2.57 

8 

119 

Skiing,  16.7%  graded, 
uphill 

1 

a 

83 

Skiing,   at  "steady 
state"  on  loose  snow 

1.8 

2.8 

13.9 

2.84 

8 

120 

Snow- shoeing,  level 

2 

a 

70 

Soldiers  on  bearpaw 
snow-shoes;  skill, 
fair 

2.5 

4.0 

8.7 

(1.73) 

4 

121 

Mountaineers  on  bear- 
paw  snow-shoes; 
skill,   good 

2.6 

4.2 

12.3 

(2.47) 

4 

122 

4 

a 

70 

2  soldiers;  skill,  fair. 

2.5 

4.0 

10.3 

(2.07) 

4 

2  mountaineers; 

skill,   good.    All  on 

trail  snow-shoes. 

123 

1 

a 

70 

Mountaineer  on  trail 

3.5 

5.6 

14.8 

(2.97) 

4 

snow-shoes;  skill. 

good 

124 

1 

a 

83 

2.5 

4.0 

13.8 

2.82 

8 

125 

Snow- shoeing,  level, 
carrying  20 -kg  load 

1 

a 

83 

2.5 

4.0 

15.0 

3.06 

8 

126 

Snow-shoeing,  16.7% 
grade^ 

1 

a 

83 

1.8 

2.8 

16.4 

3.34 

8 

127 

Swimming,   breast 
stroke,  up  to  3-min 
duration 

1 

<s 

70 

Laboratory  worker; 
skill,   good 

1.0 

1.6 

6.8 

(1.37) 

22 

128 

6 

d 

70 

Laboratory  workers; 

1.6 

2.6 

8.2 

(i.63) 

22 

skill,  4  good,  2  fair 

129 

1 

a 

70 

Athlete;  skill,  good^ 

1.9 

3.0 

13.7 

(2.73) 

23 

130 

2.2 

3.5 

30.8 

(6.17) 

131 

2.4 

3.8 

42.2 

(8.43) 

132 

2.7 

4.3 

61.5 

(12.30) 

133 

Swimming,  breast 

I 

a 

Excellent  swimmer 

0.6 

1.0 

6.9 

1.41 

24 

134 

stroke,   "steady 

0.9 

1.4 

7.7 

1.58 

135 

state" 

1.2 

1.9 

9.9 

2.02 

136 

1.5 

2.4 

12.6 

2.57 

137 

1.8 

2.9 

16.0 

3.26 

138 

2.1 

3.4 

19.6 

4.00 

139 

Swimming,  breast 

1 

<s 

Good  swimmer. 

2.2 

3.6 

38.0 

7.75 

25 

140 

stroke,   short 
sprint4 

sprinting  20-40 
meters 

2.6 

4.1 

58.0 

11.80 

141 

Swimming,   crawl 

1 

d 

Excellent  swimmer 

1.4 

2.2 

9.4 

1.92 

24 

142 

stroke,   "steady 

1.7 

2.6 

11.9 

2.42 

143 

state" 

2.0 

3.1 

14.4 

2.94 

144 

2.2 

3.5 

16.2 

3.30 

145 

Swimming,   crawl 

1 

a 

Good  swimmer. 

2.2 

3.6 

22.0 

4.50 

25 

146 

stroke,   short 

sprinting  20-40 

2.6 

4.1 

29.0 

5.90 

147 

sprint"* 

meters 

2.9 

4.6 

39.0 

8.00 

148 

3.2 

5.0 

50.0 

10.20 

149 

3.5 

5.6 

67.0 

13.70 

150 

3.8 

6.0 

95.0 

19.40 

/2/  Grade  =  5%  for  each  2.9°  of  incline.    /3/  O2  debt  included  in  values  given  for  this  subject.     /4/  O2  determination 
from  total  O^  uptake  in  work  and  recovery. 
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105.    ENERGY  COST  OF  PROGRESSION:    MAN  (Concluded) 

Contributors:    (a)  Riley,    R.  L..   and  Johns,   C.  J.,   (b)  Morehouse,    L.  E.,   and  Cherry,    R.  B.,    (c)  Asmussen,    E., 
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106.    O^  REQUIREMENT  AT  VARIOUS  RUNNING  AND  WALKING  SPEEDS:     MEN 


Oxygen  Requirement,   L/min 


Contributor:    Henry,    K.  M. 


ISO 


107, 


EFFECT  OF  BREATmNG  N^  ON  RESPIRATORY 
RATE,    TIDAL  AND  MINUTE  VOLUMES:     MAN 


Respiratory 
Rate 

breaths/min 

Tidal 

Volume 

ml 

Minute  Volume 

Breathl 
no. 

L/rain 

Ratio-': 

Experimental 

Control 

(A) 

(B) 

(C) 

(D) 

(E) 

I 
2 
3 
4 
5 

1 

4 

7 

10 

13 

16.4 
17.2 
16.2 
19.8 
19.5 

370 

550 
1063 

nil 

704 

0.62 
0.99 
1.63 
2.25 
1.69 

1.60 
2.63 
3.63 
2.74 

/I/  Breathing  was  continuous.     /2/  "Experimental" 
refers  to  any  pulmonary  ventilation  after  the  first 
breath:  "control"  refers  to  volume  of  the  first  breath. 


Contributor:    Swann,    H.  G. 

Reference:    Lutz,   B.  R.,   and  Schneider,   E.  C,   Am. 
J.  Physiol.  50:336,    1920. 


108.    EFFECT  OF  BREATHING  N^  ON  RESPIRATORY 
RATE  AND  MINUTE  VOLUME:     DOG 


Respiratory  Rate 

Minute  Volume 

Exposure 

per  min 

Ratio': 
Experimental 

L/min 

Ratio  1: 
Experimental 

Control 

Control 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

At  rest2 

13.0 

4.9 

2 

0.1 

8.0 

1.63 

3 

0.3 

23.5 

1.7 

10.3 

2.10 

4 

0.5 

13.5 

2.76 

5 

0.7 

29.0 

2.2 

17.0 

3.47 

6 

0.9 

12.5 

2.55 

7 

1.1 

20.5 

1.6 

9.0 

1.84 

HI  "Experimental"  refers  to  ventilation  after  exposure  to 
N^;  "control"  refers  to  breathing  during  the  first  minute 
before  exposure  to  N^.     /2/  Minute  before  exposure  to  N2. 

Contributor:    Swann,   H.  G. 


Reference:    Swann,    H.  G.,    Engineering  Division,   ATSC, 
USAAF,    Report  No.  TSEAL-b96-79B,   p  31,   Oct.,    1945. 


109.    PULMONARY  FUNCTION:     RESIDENTS  AND  NEWCOMERS  AT  HIGH  ALTITUDES 


Altitude  =  13,  090  ft  (478  mm  Hg),   except  for  Line  1.    Values  in  parentheses  are  ranges, 
range  (cf  Introduction). 


estimate  "b"  of  the  95% 


Residence 


Respiratory 
Rate 

breaths/min 


Minute  Volume 
L/min 


Alveolar  Air 


pOj,   mm  Hg 


pCO^i   mm  Hg 


Respiratory 
Quotient 


O2  Consumption 
L/min 


(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


Sea  level 
2-8  dal 
14-54  dal 
6-23  yr^ 


12.1 
16.8 
16.1 
13.6 


6.9(6.1-7.7) 
9.6(8.8-10.4) 
9.2(8.4-10.0) 
7.5(6.9-8.1) 


97.9(93.5-102.3) 
50.4(48.4-52.4) 
53.6(51.6-55.6) 
48.1(44.6-51.6) 


40.8(38.6-43.0) 
32.1(31.4-32.8) 
31.1(28.8-33.4) 
34.7(33.0-36.4) 


0.864(0.842-0.886) 

0.826(0. 782- 0.870);  257. 2(230. 0-284. 4) 
0.831(0.801-0.861)1246.8(2  39.0-254.6) 
0.847(0. 821 -0.873)  I  243. 6(229. 8- 257. 4) 


HI  Sea  level  residents  tested  during  brief  stay  at  altitude.    /2/  Residents  born  in  the  Andean  altiplano  and  living  at 
13,  090  ft  for  6  yr  or  more. 

Contributor:    Swann,   H.  G. 

Reference:    Chiodi.   H.,   J.  Appl.  Physiol.  J_0:82,    1957. 


110.    BLOOD  GASES:    RESIDENTS  AND  NEWCOMERS  AT  HIGH  ALTITUDES 
Values  in  parentheses  are  ranges,   estimate  "b"  of  the  95%  range  (cf  Introduction).       — 


Altitudel 

Oxygen 

Carbon  Dioxide 

Refer- 
ence 

ft 

m 

mm  Hg 

Pressure 
mm  Hg 

Contenf^ 
ml/100  ml 

Capacity^ 
ral/100  ml 

Saturation 
% 

Pressure 
ram  Hg 

Content 
ml/100  ml 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

<G) 

(H) 

(1) 

(J) 

Permanent  Residents 


1 

492 

150 

746 

90 

20.7 

21.7 

95.4 

41 

46 

D-I,l 

2 

7840 

2390 

568 

68 

21.2(18.5-24) 

23.1(19-27.5) 

91.7(86.5-97) 

37.8(34-42) 

41.1(37-45) 

D-I,2 

3 

10,300 

3140 

517 

66 

21.8(19-25) 

24.0(22-26) 

91.0(87-95) 

36.4(31-42) 

39.3(34.5-44) 

D,1:E-I,2 

^ 

12,238 

3730 

479 

57 

21.9(18.5-25) 

25.0(21.5-28.5) 

87.6(84.5-91.5) 

36.0(33-39) 

D,1;E-G, 

1,2 
D,1;E-I,2 

5 

14,896 

4540 

431 

47 

23.0(19.5-26.5) 

28.3(24-32.5) 

81.4(75.5-87) 

34.7(29-40) 

33.5(32-35) 

6 

15,950 

4860 

413 

46 

23.4(20.5-26.5) 

29.0(25-33) 

80.7(76-85) 

33.0(28-38) 

34.0(31-37) 

D,1;E-I,2 

7 

17,521 

5340 

387 

43 

23.0 

30.2 

76.2 

29.3 

31.8 

D-I,3 

Newcomers^ 

8 

11,319 

3450 

496 

55 

20.5 

24.1 

85 

31 

41 

D-I,4 

9 

15,421 

4700 

429 

44 

18.74 

24.14 

78 

29.3 

38.3 

D,G-I,3 

10 

17,521 

5340 

387 

43 

18.64 

24.54 

76.2 

27.7 

35.0 

D,G-I,3 

11 

20,145 

6140 

347 

35 

I6.34 

24.94 

65.6 

24.2 

30.2 

D,G-I,3 

HI  U.  S.  standard  atmosphere.    /2/  Combined  O2  only;  does  not  include  physically  dissolved  O^.    /3/  Up  to  16  da. 

/4/  Derived  by  interpolation. 

Contributors:    (a)  Adler,    H.  F.,   and  Luft,   U.  C,   (b)  Penrod,   K.  E..   (c)  Swann.    H.  G. 

References:    [  l]    National  Research  Council  CAM  Report,   "Handbook  of  Respiratory  Data  in  Aviation,  "  Charts  A- 

B-1,   B-3,   prepared  from  data  of  the  Aero-Medical  Laboratory,   Wright  Field,   and  The  Johnson  Foundation, 

Washington.    D.  C,    1944.    [2]    Hurtado,   A.,   and  Aste-Salazar,    H.,    J.  Appl.  Physiol.  J_: 304,    1948.    [3]    Dill,    D.  B. 

Christensen,    E.  H.,   and  Edwards,    H.  T.,   Am.  J.  Physiol.  115:530,    1936.    [4]    Becker- Freysend,    H.,    Loeschcke, 

H.  H.,   Luft,   U.  C,   and  Opitz,   E.,    Luftfahrtmedizin  7:160,    1942. 
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lU.     EFFECT  OF  REDUCED  BAROMETRIC  PRESSURES  ON  PULMONARY 
FUNCTION  AND  HEART  RATE:     MAN 


Eight  trained  subjects,   sealed  and  breathing  air  through  a  face  mask  from  a  Pioneer  demand  valve,    in  a  high  alti- 
tude chamber.    After  20-minute  period  at  ground  level  (540  feet  above  sea  level),  during  which  control  measurements 
were  made,  ascent  to  desired  altitude  occurred  at  rate  of  4500  feet  per  minute.    Each  subject  was  exposed  from 
ground  level  to  experimental  level,    with  at  least  a  one- day  interval  between  successive  exposures.    Values  are 
averages. 


Exposure 

Alveolar 

pOz 
mm  Hg 

Alveolar 
pCOa 
mm  Hg 

Alveolar 
R.Q.' 

Minute 

Volume^ 

L/min 

Respiratory 
Rate 

breaths /min 

Arterial  HbOz 

O2  Con- 

sumptionS 

L/min 

Heart 

Time 
mln 

Calc.3 
% 

Oxim.4 

% 

Rateb 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

Ground  Level  (B  =  74b  mm  Hg) 


1 

5 

102.2 

37.0 

0.82 

8.80 

13 

0.314 

2 

10 

100.8 

37.2 

0.80 

9.10 

14 

0.334 

3 

15 

101.5 

36.8 

0.81 

9.02 

14 

0.327 

827 

4 

20 

101.1 

37.6 

0.81 

8.85 

13 

98 

0.324 

100 

12,000  ft  (B  =  483 

ram  Hg) 

5 

5 

54.5 

35.1 

0.95 

10.60 

16 

89 

89 

0.312 

6 

10 

52.1 

35.4 

0.89 

9.45 

14 

88 

87 

0.302 

113 

7 

15 

51.2 

35.1 

0.86 

9.82 

14 

87 

85 

0.327 

8 

20 

51.0 

35.1 

0.85 

9.48 

13 

87 

86 

0.319 

115 

9 

25 

50.0 

35.2 

0.83 

9.42 

14 

86 

85 

0.321 

10 

30 

50.4 

34.9 

0.85 

9.50 

14 

87 

85 

0.313 

113 

11 

35 

49.5 

35.3 

0.83 

9.53 

14 

86 

84 

0.326 

12 

40 

51.4 

34.5 

0.83 

9.66 

14 

88 

85 

0.325 

106 

13 

45 

51.2 

34.3 

0.83 

9.72 

14 

87 

85 

0.326 

14 

50 

50.9 

34.3 

0.83 

9.61 

14 

87 

85 

0.317 

104 

15 

55 

49.4 

35.1 

0.81 

9.80 

15 

86 

85 

0.336 

16 

60 

50.7 

34.0 

0.82 

9.77 

14 

87 

85 

0.331 

99 

Ground  Level  (B  =751  mm  Hg) 

17 

5 

107.1 

35.1 

0.86 

8.69 

11 

0.301 

18 

10 

107.9 

34.6 

0.87 

8.69 

12 

0.281 

19 

15 

107.0 

34.9 

0.83 

8.61 

12 

0.297 

8l7 

20 

20 

106.1 

34.9 

0.83 

8.25 

13 

0.275 

100 

16.000  ft  (B  =  412 

ram  Hg) 

21 

5 

46.1 

32.4 

1.11 

9.50 

12 

85 

82 

0.233 

22 

10 

45.6 

30.8 

1.03 

9.32 

12 

85 

80 

0.225 

111 

23 

15 

44.4 

30.8 

0.99 

8.98 

11 

84 

78 

0.244 

24 

20 

44.8 

30.0 

0.96 

9.14 

11 

84 

79 

0.244 

110 

25 

25 

46.1 

28.5 

0.98 

9.40 

11 

85 

79 

0.236 

26 

30 

45.4 

28.6 

0.95 

9.74 

13 

85 

79 

0.248 

103 

27 

35 

44.4 

28.9 

0.91 

9.36 

12 

84 

80 

0.248 

28 

40 

43.2 

29.4 

0.87 

8.79 

12 

83 

78 

0.250 

103 

29 

45 

44.2 

28.6 

0.89 

9.76 

12 

84 

80 

0.270 

30 

50 

44.4 

28.2 

0.87 

9.39 

12 

85 

81 

0.254 

101 

31 

55 

43.5 

27.9 

0.82 

8.90 

13 

84 

79 

0.258 

32 

60 

44.2 

28.0 

0.86 

10.50 

11 

84 

82 

0.306 

105 

Ground  Level  (B  =  " 

51   mm  Hg) 

33 

5 

108.2 

34.6 

0.88 

8.55 

12 

0.275 

34 

10 

105.3 

34.9 

0.82 

8.45 

11 

0.304 

35 

15 

105.5 

34.8 

0.82 

8.49 

12 

0.294 

827 

3b 

20 

107.1 

35.0 

0.86 

8.42 

12 

0.279 

100 

=  alveo- 


11 1    As  calculated  by  equation  from  Fenn,   W.  O.,    Rahn.    H.,   and  Otis,   A.  B.,   Am.  J.  Physiol.  _146:639,    1946. 

/2/  Calculated  at  BTPS.     HI  Per  cent  saturation  of  arterial  blood  as  estimated  from  alveolar  pCO^  and  pO^  with  the' 

nomogram  of  L.  J.  Henderson,    1928.     /4/  Per  cent  saturation  of  arterial  blood  as  indicated  by  the  Millikan  oximeter. 

Va  X  pC 
/5/  At  STP,  calculated  from  0>  consumption  =-  ,  where  Va=alveolar  ventilation  in  L/min,  BTPS;  pC  ^ 

0.864  X  y  J  ^^Q 

lar  pCOz  in  mm  Hg;  Q  =  alveolar  respiratory  quotient;   0.864  =  -y=  x  ,„-„■    A  constant  dead  space  of  210  cc  was 

assumed  in  computing  Va  from  total  ventilation  (150  cc  personal  dead  space,   plus  60  cc  apparatus  dead  space). 
/6/  As  per  cent  of  resting  heart  rate  at  ground  level.    These  values  are  averages  based  on  several  measurements 
during  each  indicated  10-min  period.     /7/  Average  value  for  control  rate  in  beats/min. 
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111. 


EFFECT  OF  REDUCED  BAROMETRIC  PRESSURES  ON  PULMONARY 
FUNCTION  AND  HEART  RATE:    MAN  (Concluded) 


Exposure 

Alveolar 

pOa 
mm  Hg 

Alveolar 
pCOz 
mm  Hg 

Alveolar 
R.Q.I 

Minute 

Volume^ 

L/min 

Respiratory 

Rate 
breaths/min 

Arterial  HbO? 

O2  Con- 

sumptionS 
L/min 

Heart 

Time 
min 

Calc.3 
% 

Oxim.4 
% 

Rate*" 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

18, 

000  ft  (B  =  379  mm  Hg) 

37 

5 

44.1 

28.8 

1.23 

11.38 

11 

84 

80 

0.246 

38 

10 

43.1 

28.4 

1.15 

10.90 

11 

84 

79 

0.246 

107 

39 

15 

41.8 

28.0 

1.06 

11.02 

U 

82 

77 

0.266 

40 

20 

41.3 

28.3 

1.02 

11.24 

12 

82 

78 

0.271 

109 

41 

25 

41.5 

26.6 

0.99 

11.24 

12 

82 

75 

0.271 

42 

30 

40.1 

27.0 

0.94 

11.06 

11 

81 

75 

0.292 

108 

43 

35 

40.1 

26.7 

0.93 

11.10 

11 

81 

76 

0.292 

44 

40 

40.8 

26.2 

0.95 

11.73 

1 1 

82 

76 

0.307 

111 

45 

45 

40.2 

25.7 

0.90 

11.43 

12 

81 

77 

0.296 

46 

50 

39.8 

26.2 

0.88 

10.66 

12 

81 

77 

0.282 

108 

47 

55 

40.3 

25.4 

0.88 

10.63 

12 

82 

76 

0.272 

48 

60 

41.1 

25.1 

0.90 

10.83 

U 

83 

78 

0.275 

104 

Ground  Level  (B  =  745  mm  Hg) 

49 

5 

104.1 

36.5 

0.85 

8.30 

13 

0.278 

50 

10 

104.2 

35.1 

0.85 

8.71 

12 

0.297 

51 

15 

100.7 

37.0 

0.79 

8.12 

11 

0.315 

84^ 

52 

20 

104.8 

35.5 

0.85 

8.40 

11 

0.296 

100 

20,  000  ft  (B  =  349  mm  Hg) 

53 

5 

39.8 

27.1 

1.21 

13.77 

11 

81 

78 

0.298 

54 

10 

37.6 

26.6 

1.03 

12.36 

11 

79 

74 

0.301 

124 

55 

15 

36.8 

26.3 

0.97 

12.66 

11 

78 

74 

0.325 

56 

20 

36.7 

24.4 

0.94 

11.76 

U 

78 

73 

0.284 

112 

57 

25 

36.4 

25.6 

0.93 

12.23 

12 

78 

72 

0.310 

58 

30 

36.4 

24.4 

0.94 

12.46 

12 

80 

74 

0.299 

117 

59 

35 

36.8 

24.5 

0.89 

12.60 

12 

79 

75 

0.321 

60 

40 

37.9 

23.4 

0.89 

13.44 

13 

80 

77 

0.326 

107 

61 

45 

39.0 

23.2 

0.84 

12.56 

13 

79 

76 

0.315 

Ground  Level  (B  =  747  mm  Hg) 

62 

5 

105.0 

34.7 

0.83 

8.72 

10 

0.321 

63 

10 

103.9 

35.2 

0.81 

8.18 

11 

0.296 

64 

15 

102.9 

35.5 

0.82 

8.57 

11 

0.315 

65 

20 

103.3 

35.3 

0.81 

8.64 

11 

0.320 

100 

22,000  ft  (B  =  32 

mm  Hg) 

66 

5 

36.1 

24.4 

1.26 

16.79 

14 

78 

73 

0.311 

67 

10 

34.0 

25.1 

1.11 

14.61 

12 

75 

68 

0.317 

131 

68 

15 

33.6 

23.8 

1.05 

15.82 

14 

75 

69 

0.338 

69 

20 

32.7 

24.6 

1.01 

15.21 

14 

73 

66 

0.347 

126 

70 

25 

31.8 

24.1 

0.95 

14.15 

14 

72 

63 

0.330 

71 

30 

32.0 

23.5 

0.95 

15.31 

15 

72 

64 

0.359 

124 

III  As  calculated  by  equation  from  Fenn,   W.  O.,   Rahn.    H.,   and  Otis,   A.  B.,   Am.  J.  Physiol.  J_46:639,    1946. 
IZl  Calculated  at  BTPS.     /3/  Per  cent  saturation  of  arterial  blood  as  estimated  from  alveolar  pCO^  and  pO^  with  the 
nomogram  of  L.  J.  Henderson,    1928.     /4/  Per  cent  saturation  of  arterial  blood  as  indicated  by  the  Millikan  oximeter. 

VaxpC 


/5/  At  STP;  calculated  from  O2  consumption 


0.864  X  Q' 


where  Va  =alveolar  ventilation  in  L/min.  BTPS;  pC  =alveo- 

310       760        .  _,      ^  ,  ,,„ 

A  constant  dead  space  of  210  cc  was 


lar  pCO^  in  mm  Hg;  Q  =  alveolar  respiratory  quotient;   0.864  =  — j  x 

assumed  in  computing  Va  from  total  ventilation  (150  cc  personal  dead  space,   plus  60  cc  apparatus  dead  space). 
Ibl  As  per  cent  of  resting  heart  rate  at  ground  level.    These  values  are  averages  based  on  several  measurements 
during  each  indicated  lO-min  period.     /7/  Average  value  for  control  rate  in  beats/min. 

Contributors:    (a)  Ivy,   A.  C,   (b)  Marbarger,   J.  P.,   (c)  Swann.    H.  G.,   (d)  Wechsberg,   P. 

Reference:    Air  Force  Tech.  Rept.  No.  6528,   Aug.  1951. 
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Hi. 


ON  PULMONARY  FUNCTION  AND  HEART  RATE:  MAN 


Four  trained  subjects,    seated  and  breathing  air  through  a  face  mask  from  a  Pioneer  demand  valve  in  a  high  altitude 
chamber  at  simulated  altitude  of  16,000  feet.    After  control  period  of  10  minutes,   subjects  breathed  6%  CO^  in  air 
for  15  minutes,   followed  by  10-minute  recovery  period  also  at  Ifa.OOO  feet.    Values  are  averages. 


Exposure 
Time 

Alveolar 

pOa 

Alveolar 
pCOz 

Alveolar 
R.Q.I 

Minute 
Volume^ 

Respiratory 
Rate 

Arterial  Hb  O^ 

Heart 

Condition 

Calc.3 

Oxim.4 

Rate5 

min 

mm  Hg 

mm  Hg 

L/rain 

breaths /min 

% 

% 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 

Control 

2 

49.0 

32.0 

1.22 

13.87 

11 

88 

87 

2 

4 

47.8 

30.9 

1.13 

12.36 

12 

87 

86 

3 

6 

47.2 

30.9 

1.11 

12.73 

11 

86 

85 

4 

8 

47.9 

30.0 

1.09 

13.87 

10 

87 

86 

5 

10 

46.4 

30.5 

1.05 

12.14 

10 

85 

84 

87 

6 

6%C02 

2 

46.1 

36.3 

0.89 

12.79 

11 

84 

84 

7 

4 

47.4 

40.0 

0.72 

13.80 

12 

84 

85 

8 

6 

47.7 

40.2 

0.77 

15.16 

14 

84 

85 

9 

8 

48.1 

41.4 

0.82 

15.10 

12 

83 

85 

10 

10 

48.9 

41.2 

0.82 

15.45 

13 

84 

84 

11 

12 

49.3 

41.4 

0.86 

15.09 

14 

PS 

84 

12 

14 

49.2 

41.5 

0.85 

15.96 

14 

85 

84 

13 

15 

49.4 

41.5 

0.85 

15.37 

13 

85 

84 

79 

14 

Recovery 

2 

47.9 

35.7 

1.39 

14.95 

13 

86 

85 

15 

4 

46.4 

32.2 

1.12 

12.56 

12 

86 

82 

16 

6 

46.2 

31.9 

1.13 

12.07 

11 

85 

82 

17 

8 

45.4 

31.9 

1.07 

12.10 

11 

85 

81 

18 

10 

45.9 

31.7 

1.08 

11.83 

10 

85 

81 

83 

Summary                   ) 

19 

Control 

47.9 

30.9 

1.12 

12.99 

11 

87 

85 

87 

20 

6%C02 

48.3 

40.4 

0.82 

14.84 

13 

84 

84 

79 

21 

Recovery 

46.4 

32.7 

1.16 

12.70 

11 

85 

82 

83 

/I/  Alveolar  respiratory  quotient  as  calculated  by  equation  from  Fenn,   W.  O. ,   Rahn.    H.,   and  Otis,   A.  B..   Am.  J. 
Physiol.  146:639,    1946.     /2/Calculated  at  BTPS.     HI  Per  cent  saturation  of  arterial  blood  as  estimated  from  alveolar 
pC02  and  p02  with  the  nomogram  of  L.  J.  Henderson,    1928.     /4/  Per  cent  saturation  of  arterial  blood  as  indicated  by 
the  Millikan  oximeter.     /5/  As  per  cent  of  resting  heart  rate  at  ground  level.    Values  are  averages  based  on  several 
measurements  during  each  period. 

Contributors:    (a)  Ivy,   A.  C,   (b)  Marbarger,   J.  P.,   (c)  Swann,    H.  G.,   (d)  Wechsberg,   P. 

Reference:    Air  Force  Tech.  Rept.  No.  6528,   Aug.  1951. 
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113. 


EFFECT  OF  REDUCED  BAROMETRIC  PRESSURES  AND  EXERCISE  ON 
PULMONARY  FUNCTION  AND  HEART  RATE:  MAN 


Eight  trained  subjects,   seated  and  breathing  air  through  a  face  mask  from  a  Pioneer  demand  valve,   in  a  high  altitude 
chamber.    At  ground  level  and  at  simulated  altitude  of  16.  000  feet,   subjects  engaged  in  muscular  work,   pushing  feet 
alternately  against  pedals  constructed  from  flat  pieces  of  spring  steel,   at  rate  of  30  times  a  minute  for  each  foot. 
The  mechanical  work  required  for  this  task  was  calculated  to  be  49.4  kilogram-meters  per  minute.    Work  period  of 
10  minutes  was  preceded  by  a  10-minute  control  period  and  followed  by  a  10-minute  recovery  period.    Values  are 
averages. 


Exposure 

Time 

min 

Alveolar 

pOz 
mm  Hg 

Alveolar     . , 

_^         Alveolar 

^^^i        R.Q.I 
mm  Hg 

Minute 

Volume^ 

L/min 

Respiratory 
Rate 

breaths/min 

Arterial  Hb02 

O2  Con- 
sumption^ 
L/min 

Heart 

Condition 

Calc.3 
% 

Oxim.4 

% 

Rate'' 
% 

(A) 

(B) 

(C) 

(D)                (E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

Ground  Level  (B  =  74b  mm  Hg) 


1 

Control 

2 

101.3 

37.7 

0.83 

9.12 

12 

0.349 

2 

4 

101.5 

37.8 

0.82 

8.7Z 

12 

0.332 

3 

6 

101.7 

38.0 

0.86 

8.63 

12 

0.314 

4 

8 

102.2 

37.3 

0.85 

8.79 

12 

0.320 

5 

10 

100.1 

38.5 

0.83 

9.06 

12 

0.353 

84 

6 

Work 

2 

94.5 

41.7 

0.79 

12.18 

15 

0.548 

7 

4 

96.9 

41.4 

0.83 

13.83 

14 

0.632 

8 

6 

97.6 

41.3 

0.83 

13.99 

15 

0.622 

9 

8 

98.7 

41.3 

0.86 

14.85 

15 

0.661 

10 

10 

98.5 

41.0 

0.84 

13.94 

16 

0.595 

92 

11 

Recovery 

2 

102.8 

37.7 

0.87 

10.81 

13 

0.407 

12 

4 

101.9 

38.0 

0.86 

8.85 

13 

0.315 

13 

6 

102.4 

37.5 

0.85 

8.89 

13 

0.316 

14 

8 

102.0 

37.5 

0.84 

8.81 

13 

0.315 

15 

10 

102.8 

36.7 

0.84 

8.76 

13 

0.306 

87 

16,  000  ft 

B  =  412  mm 

Hg) 

16 

Control 

2 

46.6 

33.6 

1.19 

11.07 

12 

85 

81 

0.280 

17 

4 

44.6 

33.8 

1.12 

11.46 

12 

83 

80 

0.313 

18 

6 

44.2 

33.6 

1.08 

11.09 

12 

83 

78 

0.320 

19 

8 

43.4 

33.3 

1.04 

11.09 

12 

82 

78 

0.319 

20 

10 

43.0 

33.4 

1.02 

11.38 

11 

82 

78 

0.344 

95 

21 

Work 

2 

41.0 

35.3 

1.02 

16.01 

14 

78 

74 

0.52b 

22 

4 

40.6 

35.2 

1.00 

17.65 

15 

78 

73 

0.589 

23 

6 

40.1 

35.3 

0.97 

17.63 

15 

78 

73 

0.607 

24 

8 

39.6 

35.3 

0.97 

17.65 

15 

77 

72 

0.609 

25 

10 

39.8 

34.9 

0.97 

17.58 

17 

78 

71 

0.594 

107 

26 

Recovery 

2 

41.6 

33.3 

0.96 

13.11 

12 

80 

74 

0.426 

27 

4 

41.3 

33.3 

0.95 

10.98 

13 

80 

74 

0.348 

28 

6 

41.6 

33.5 

0.96 

10.11 

11 

80 

76 

0.316 

29 

8 

41.0 

32.6 

0.92 

9.99 

12 

80 

76 

0.307 

30 

10 

40.8 

33.2 

0.94 

10.25 

11 

79 

75 

0.325 

92 

Summary 

Ground  Lev 

el 

31 

Control 

101.4 

37.9 

0.84 

8.86 

12 

0.334 

84 

32 

Work 

97.2 

41.3 

0.83 

13.76 

15 

0.612 

92 

33 

Recovery 

102.4 

37.5 

0.85 

9.22 

13 

0.332 

87 

Summai 

-y,    16,000  ft 

34 

Control 

44.4 

33.5 

1.09 

11.22 

12 

83 

79 

0.309 

95 

35 

Work 

40.2 

35.2 

0.99 

17.30 

15 

78 

73 

0.583 

107 

36 

Recovery 

41.3 

33.2 

0.95 

10.89 

12 

80 

75 

0.344 

92 

/I/  Alveolar  respiratory  quotient  as  calculated  by  equation  from  Fenn,   W.  C,   Rahn.   H.,   and  Otis,   A.  B.,  Am.  J. 

Physiol.  146:639,    1946.    /2/  Calculated  at  BTPS.     /3/  Per  cent  saturation  of  arterial  blood  as  estimated  from  alveolar 

pCOz  and  pO^  with  the  nomogram  of  L.  J.  Henderson,    1928.     /4/  Per  cent  saturation  of  arterial  blood  as  indicated  by 

Va  X  pC 
the  Millikan  oximeter.     /5/  At  STP,  calculated  from  O7  consumption  =  .  „^  .'^ — rr,    where  Va  =  alveolar  ventilation  in 

^  0.864  X  Q 

L/min,  BTPS;  pC  =  alveolar  pCOz  in  mm  Hg;  Q  =  alveolar  respiratory  quotient;  0.864  =  yrr  x  ,--■„■    A  constant  dead 

space  of  210  cc  was  assumed  in  computing  Va  from  total  ventilation  (150  cc  personal  dead  space,   plus  60  cc  appa- 
ratus dead  space),     lb/    As  per  cent  of  resting  heart  rate  at  ground  level.    These  values  are  averages  based  on 
several  measurements  during  each  indicated  10-min  period. 

Contributors:    (a)  Ivy,   A.  C,   (b)  Marbarger,   J.  P.,   (c)  Swann,   H.  G.,   (d)  Wechsberg,   P. 

Reference:    Air  Force  Tech.  Rept.  No.  6528,   Aug.  1951. 
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Death  results  in  8-20  minutes.    Values  are  averages  of  4  dogs  for  first  five  minutes  of  breathing  time,   and  of  3  dogs 
thereafter. 


Respiratory 

Rate 
breaths /min 

Ventilation  Ratios 

Arterial  Blood 

Time 
min 

Experimental! 
Control 
(at  rest) 

Experimental^ 
Control 
(at  start) 

02 

Sat. 
% 

pCOz 
mm  Hg 

PH 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

2 
3 
4 
5 
6 

03 

1 

2 

5 

9 

Terminal* 

16 
32 
34 
21 
19 
0 

1.5 
8.3 
6.9 
4.0 
2.8 

5.5 
4.6 
2.7 
1.9 

93 
32 
21 
17 
14 
12 

44 
23 
23 
14 
14 
26 

7.32 
7.54 
7.53 
7.47 
7.37 
7.16 

HI  Ratio  of  experimental  ventilation  to  ventilation  of  healthy  dog  at  rest.  Ill  Ratio  of  experimental  ventilation  to 
ventilation  of  same  dogs  at  start  (minute  before  anoxia).  /3/  Minute  before  anoxia.  /4/  Observations  taken  a  few 
seconds  before  cardiac  failure. 

Contributor:    Swann,    H.  G. 

Reference:    Swann,    H.  G.,   and  Brucer,   M.,   Texas  Repts.  Biol.  M.  7:539,    1949. 


117.    EFFECT  OF  PROGRESSIVE  ANOXIA  ON  PULMONARY  FUNCTION:    DOG 

Rebreathing  through  soda  lime  into  a  spirometer  of  3.52  liter  capacity;  death  resulting  in  15-28  minutes.    Values 
are  averages  of  4  dogs  for  first  14  minutes  of  breathing  time,  and  of  3  dogs  thereafter.    In  this  type  of  anoxia, 
increase  in  ventilation  is  apparently  due  to  increase  in  respiratory  rate  (compare  Columns  B  and  D). 


Respiratory 

Rate 
breaths /min 

Ventilation  Ratios 

Arterial  Blood 

Time 
min 

Experimental! 
Control 
(at  rest) 

Experimental^ 
Control 
(at  start) 

Sat. 
% 

pCOa 

ram  Hg 

pH 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(Q) 

1 
2 
3 
4 

5 
6 

7 

03 

3-5 

8-9 

12-14 

17-19 

22-23 

Terminal* 

22.8 
25.2 
42.0 
30.8 
26.4 
17.2 
0 

2.2 

2.9 
5.6 
5.0 
3.7 
3.5 

1.1 
1.8 
1.4 
1.2 
0.8 

87 

74 
62 
36 
25 
20 
11 

39 
41 
32 
24 
18 
16 
23 

7.31 
7.31 
7.41 
7.42 
7.47 
7.37 
7.14 

III  Ratio  of  experimental  ventilation  to  ventilation  of  healthy  dog  at  rest.  IZl  Ratio  of  experimental  ventilation  to 
ventilation  of  the  group  of  4  dogs  during  minute  before  anoxia.  /3/  Minute  before  anoxia.  /4/  Observations  taken 
a  few  seconds  before  cardiac  arrest. 

Contributor:     Swann,    H.  G. 

Reference:    Swann,    H.  G.,   and  Brucer,    M.,   Texas  Repts.  Biol.  M.  7:553,    1949. 


118.     EFFECT  OF  HYPERVENTILATION  ON  BLOOD  CO^  CARRIAGE:     MAN 
Values  are  averages  of  3  subjects,   hyperventilated  in  a  body  respirator  for  24  hours. 


Minute 

Volume 

L/min 

Plasma 

Hyperventilation 

CO2  Content 

vol  % 

pH 

CO2  Capacity' 
vol% 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Before 

7.5 

61.2 

7.37 

62.3 

2 

During 
At  1  hr 

17.7 

52.3 

7.48 

62.6 

3 

At  12  hr 

19.1 

46.0 

7.53 

61.0 

4 

At  24  hr 
After 

18.9 

44.6 

7.50 

58.6 

5 

At  1  hr 

8.7 

51.5 

7.38 

56.8 

6 

At  24  hr 

7.0 

53.5 

7.38 

58.1 

/I/  At  PCO2  of  40  mm  Hg. 

Contributors:    (a)  Vandam,   L.  D.,   (b)  Swann,    H.  G. 

Reference:    Brown,    E.  B.,   Campbell,   G.  S.,   Johnson,   M.  N. 
Physiol.  J^: 33,    1948. 


Hemingway,   A.,   and  Visscher,   M.  B.,   J.  Appl. 
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119.     EFFECT  OF  COMBINED  ANOXIA  AND  HYPERCAPNIA  ON  ALVEOLAR  CO^  AND  O^:     MAN 

Part  I:     TABULAR 
ApC02  =  difference  between  ambient  and  alveolar  PCO2;  Ap02  =  difference  between  ambient  and  alveolar  pOj- 


Exposure 

Time 

min 

Ambient  Air 

Alveolar  Air 

ApC02 

Ap02 

CO, 

0, 

PCO2 

pOz 

CO2 

02 

pCOz 

pOz 

% 

mm 

Hg 

% 

mm 

Hg 

mm 

Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

1 

4 

Rest 

0.03 

20.94 

0.2 

150.1 

5.76 

14.18 

40.8 

100.4 

40.6 

49.7 

2 

4 

1.28 

19.62 

9.2 

140.5 

5.49 

14.60 

39.3 

103.7 

30.1 

36.8 

3 

10 

2.41 

18.32 

17.3 

131.2 

5.94 

13.75 

42.3 

98.5 

25.0 

32.7 

4 

23 

3.84 

16.63 

27.5 

119.1 

5.81 

13.28 

43.5 

95.0 

16.0 

22.1 

5 

28 

4.79 

15.50 

34.3 

111.0 

6.50 

13.01 

46.4 

92.5 

12.1 

18.5 

6 

34 

5.95 

14.18 

42.6 

101.5 

7.08 

12.55 

50.4 

89.3 

7.8 

12.2 

7 

4 

Rest 

0.03 

20.94 

0.2 

150.1 

5.92 

14.55 

41.9 

103.0 

41.7 

47.0 

8 

4 

0.75 

20.23 

5.3 

143.4 

4.90 

16.05 

33.7 

112.8 

26.6 

30.6 

9 

10 

1.79 

18.97 
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Contributors:    (a)  Hehnke,   A.  H.,    (h)  Swariri,   H.  G. 

Reference:    Consolazio,   W.  V.,   Fisher.    M.   B.,    Pace,   N.,    Pecora,    L.  J.,    Pitts,   G.  C,   and  Behnke,   A.  H..   Am.  J. 
Physiol.   151:479,    1947. 
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Physiol.  151:479,    1947. 
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vol  % 

vol  % 

% 

mm  Hg 

atm 

C 

.E 

C          ' 

E 

C          1        E 

C         1         E 

C        1        E 

C 

E 

Arte 

rial 

Venous 

Arterial 

Venous 

Venous 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(U 

I 

0.2 

4.0 

19.6 

27.4 

12.5 

18.1 

0.3 

8.1 

64.0 

92.0 

2 

0.2 

4.0 

18.3 

25.8 

11.4 

18.0 

0.3 

6.8 

63.4 

92.9 

36 

82 

3 

0.2 

4.0 

18.0 

25.2 

9.4 

19.0 

0.3 

6.4 

51.3 

100.0 

27 

100 

4 

0.2 

3.5 

18.9 

26.1 

10.2 

19.0 

0.3 

6.2 

54.5 

93.6 

32 

85 

5 

0.2 

3.5 

18.2 

25.5 

12.3 

18.0 

0.3 

6.5 

64.2 

89.7 

35 

79 

6 

0.2 

3.5 

19.3 

25.6 

11.7 

17.5 

0.3 

6.6 

61.0 

90.8 

35 

72 

7 

0.2 

3.5 

16.5 

23.9 

9.4 

12.0 

0.3 

6.4 

56.9 

67.6 

36 

41 

8 

0.2 

3.5 

18.0 

24.8 

11.5 

17.0 

0.3 

6.0 

62.1 

88.7 

37 

70 

9 

0.2 

3.5 

19.1 

26.5 

12.9 

18.0 

0.3 

6.6 

64.6 

88.5 

38 

66 

10 

0.2 

3.5 

18.6 

25.7 

13.0 

17.4 

0.3 

7.2 

69.3 

89.1 

40 

64 

11 

0.2 

3.5 

18.7 

25.7 

13.7 

18.4 

0.3 

6.6 

73.2 

96.0 

42 

97 

12 

0.2 

3.5 

18.2 

25.7 

13.2 

18.4 

0.3 

5.6 

65.1 

89.7 

36 

67 

13 

0.2 

3.5 

18.9 

26.4 

12.9 

19.6 

0.3 

6.5 

64.7 

96.8 

36 

100 

14 

0.2 

3.5 

20.7 

28.5 

14.5 

18.5 

0.3 

6.9 

66.8 

84.5 

39 

58 

15 

0.2 

3.5 

19.5 

27.3 

16.4 

20.2 

0.3 

6.8 

79.9 

96.7 

50 

100 

16 

0.2 

3.4 

17.9 

25.7 

12.0 

16.7 

0.3 

6.6 

66.8 

86.4 

38 

61 

17 

0.2 

3.0 

20.5 

26.8 

13.6 

17.8 

0.3 

5.7 

63.9 

84.3 

37 

59 

Contributor:    Behnke,   A.  R. 

Reference:     Lambertsen,   C.  J.,   Kough,    R.  H.,   Cooper.    D.  Y.,    Emmel,   G.  L.,    Loeschcke,   H.  H.,   Schmidt.    C.  F.. 

124.    EFFECT  OF  BREATHING  AIR  AT  ONE  ATMOSPHERE 


Venous  blood 

withdrawn 

from  right 

Gas 

Pressure 
atm 

Exposure 
Time 
min 

O2  Content 

O2  Capacity 

CO2  Content 

CO2  Capacityl 

Arterial 
vol  % 

Venous 
vol  % 

Arterial 
vol  % 

Difference 
vol  % 

Arterial      Venous 
vol  %           vol  % 

Arterial 
vol  % 

Difference 
vol% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 
2 

Air 
O2 

1 
3.00 

132 
132 

25.6 

20.4 

19.6 
20.5 

+0.89 

45.9 

51.7 

42.5 
43.9 

+  1.4 

3 
4 

Air    1 
0? 

1 

100 

100 

20.5 
26.1 

12.1 
20.5 

20.3 
19.6 

-0.76 

44.3 
42.3 

49.1 
48.5 

41.0 
40.0 

-1.0 

5 
6 

Air 
O2 

3.36 

64 
64 

28.9 

21.6 

23.1 
23.0 

-0.03 

39.9 

44.3 

40.2 
40.2 

0.0 

7 
8 

Air 
O7 

1 
3.92 

67 
67 

19.0 
25.1 

14.3 
20.1 

19.1 
18.4 

42.4 
42.5 

45.5 
47.0 

43.8 
45.0 

+  1.2 

9 
10 

Air 
O2 

1 
3.84 

193 
193 

21.7 
30.9 

16.7 
25.6 

23.5 
24.4 

+1.11 

45.3 
38.8 

48.6 
41.7 

41.5 
41.0 

-0.5 

11 
12 

Air 
O2 

1 
3.89 

92 
92 

21.3 
31.9 

15.8 
24.5 

23.8 
25.4 

+  1.64 

51.7 
50.9 

55.2 

55.5 

44.2 
44.2 

0.0 

13 
14 

Air 
O2 

1 
3.88 

119 
119 

23.7 
31.5 

19.6 
24.6 

25.8 
24.6 

-1.17 

32.9 
39.1 

37.6 
46.3 

39.5 
39.2 

-0.3 

15 
16 

Air 
0? 

1 
3.89 

62 
62 

20.3 
29.3 

18.9 
25.9 

22.4 
22.8 

+0.33 

45.0 
44.0 

46.6 
46.6 

44.25 
44.25 

0.0 

17 
18 

Air 
O2 

1 
3.88 

165 
165 

18.9 
24.6 

13.6 
16.2 

20.8 
20.8 

-0.02 

43.9 
41.4 

46.2 
48.6 

43.0 
43.5 

+0.5 

/I/  At  40  mm  Hg.     /2/  To  calculate  arterial  volume,    convert  p02  values  from  mm  Hg  to  atmospheres  and  multiply 

Contributor:    Behnke,   A.  R. 

Reference:     Behnke,    A.  R.,    Shaw,    L.  A.,    Shilling,    C.  W.,    Thomson,    R.  M.,   and  Messer,   A.  C.   Am.  J.   Physiol. 
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ATMOSPHERES  ON  BLOOD  GASES:     MAN 


atmosphere,    E  =  experimental  period  of  O^  breathing  at  increasec 

ambient 

pressure. 

CO2  Content 

CO2  Pressure 

vol  % 

mm  Hg 

C            1          E 

C          1           E 

C         1         E 

C 

E 

C 

E 

c 

E 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

<S) 

(T) 

(U) 

(V) 

(W) 

(X) 

50.8 

46.3 

57.0 

55.7 

1 

46.1 

42.1 

51.4 

50.0 

38 

32 

48 

50 

7.36 

7.40 

7.31 

7.28 

2 

46.9 

48.0 

55.3 

55.3 

35 

35 

42 

52 

7.45 

7.42 

7.40 

7.31 

3 

46.2 

47.2 

54.6 

53.2 

32 

37 

45 

52 

7.45 

7.40 

7.37 

7.30 

4 

51.8 

50.7 

57.0 

57.4 

39 

38 

50 

55 

7.41 

7.42 

7.34 

7.31 

5 

52.6 

50.1 

59.8 

58.8 

40 

36 

53 

58 

7.41 

7.43 

7.34 

7.29 

6 

52.1 

45.7 

57.1 

56.3 

43 

33 

53 

56 

7.36 

7.42 

7.30 

7.28 

7 

49.5 

45.4 

55.5 

54.2 

43 

36 

53 

60 

7.35 

7.39 

7.30 

7.24 

8 

48.6 

45.5 

54.8 

54.5 

38 

33 

52 

53 

7.40 

7.43 

7.31 

7.30 

9 

49.1 

44.0 

54.4 

53.5 

38 

29 

48 

46 

7.40 

7.47 

7.34 

7.35 

10 

50.2 

47.4 

55.4 

55.0 

38 

32 

47 

49 

7.41 

7.46 

7.36 

7.34 

11 

48.2 

46.0 

53.0 

53.2 

37 

32 

45 

50 

7.40 

7.45 

7.36 

7.32 

12 

53.0 

49.5 

59.2 

56.9 

42 

39 

52 

55 

7.40 

7.40 

7.35 

7.31 

13 

48.7 

43.9 

54.7 

54.6 

40 

33 

53 

54 

7.38 

7.43 

7.31 

7.30 

14 

49.7 

47.4 

53.0 

54.5 

40 

35 

47 

51 

7.39 

7.43 

7.34 

7.32 

15 

51.1 

48.1 

57.4 

56.6 

39 

35 

49 

54 

7.40 

7.43 

7.35 

7.31 

16 

48.4 

44.8 

54.6 

53.6 

40 

36 

49 

57 

7.38 

7.39 

7.34 

7.26 

17 

J.  Appl.  Physiol.   5:471,    1953. 


AND  O2  AT  3-3.92  ATMOSPHERES  ON  BLOOD  GASES;    DOG 


ventricle  via  jugular  vein 

cannula. 

O2  in  Physical  Solution 

PCO2 

pH 

Arterial 

Venous 

Observed 

vol  % 

Calculated^ 
vol  % 

Difference 
vol  % 

p02 
mm  Hg 

Observed 

vol  % 

P02 
mm  Hg 

Arterial 
mmHg 

Venous 
mm  Hg 

Arterial 

Venous 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

(S) 

(T) 

(U) 

5.47 

5.61 

-0.14 

2190 

0.36 

130 

44.5 

59.7 

7.35 

7.26 

1 
2 

6.95 

7.07 

-0.12 

2827 

1.39 

555 

47.0 
45.0 

54.0 
60.0 

7.33 
7.35 

7.30 
7.28 

3 

4 

6.29 

6.16 

+0.13 

2462 

80 

39.0 

48.0 

7.36 

7.31 

5 
6 

7.18 

7.22 

-0.04 

2888 

2.22 

880 

37.0 
34.0 

41.0 
45.0 

7.40 
7.43 

7.3? 
7.34 

7 
8 

6.90 

7.07 

-0.17 

2827 

1.63 

645 

48.0 
35.0 

51.0 
41.5 

7.32 
7.41 

7.31 
7.36 

9 
10 

7.01 

7.16 

-0.15 

2865 

90 

54.5 
55.0 

58.5 
67.0 

7.33 
7.32 

7.31 
7.26 

U 
12 

7.31 

7.14 

+0.17 

2857 

160 

24.8 
40.0 

31.5 
59.0 

7.50 
7.36 

7.47 
7.27 

13 
14 

6.97 

7.16 

-0.19 

2865 

3.60 

1440 

45.0 
43.5 

48.0 
50.0 

7.34 

7.35 

7.33 
7.31 

15 
16 

4.22 

7.16 

-2.94 

45 

40.0 
35.0 

41.5 
47.0 

7.38 
7.41 

7.38 
7.35 

17 
18 

by  1.9. 


107:20,    1934. 
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125.    EFFECT  OF  BREATHING  O^  at  3-4  ATMOSPHERES  ON  RESPIRATORY  RATE. 
PULSE  RATE,   AND  BLOOD  PRESSURE:     MAN 

C  =  control  period  of  air  breathing  at  one  atmosphere;  E  =  experimental  period  of  O2  breathing  at  increased  ambient 
pressure.    Signs  and  symptoms:     P  =  pallor,    M  -  mental  confusion,    S  =  sweating,   T  =  twitching  movements  of  a 
myoclonic  nature,   G  =  generalized  type  of  convulsions,   O  =  no  discernible  signs  or  symptoms. 


>2  Pressure 
tm 

Respi 

ratory 

Pu 

Ise 

Blood  Pressure 

a 

Rate 

breaths/min 

Rate 
beats/min 

Arterial 
mraHg 

Internal  Jugular 
mm  Hg 

Signs  and  Symptoms 

C 

E 

C 

E 

C 

E 

C 

E 

C    . 

E 

E 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

0.2 

4.0 

7 

12 

63 

59 

79 

86 

6.0 

4.8 

PM 

2 
3 

0.2 
0.2 

4.0 
4.0 

19 
13 

19 

79 
79 

78 
66 

85 
78 

89 
85 

6.5 
5.5 

5.4 

PSTC 
STM 

4 

0.2 

3.5 

20 

12 

75 

51 

87 

91 

10.0 

9.6 

PSTC 

5 

0.2 

3.5 

13 

11 

58 

56 

59 

82 

11.3 

10.0 

0 

6 

0.2 

3.5 

13 

13 

57 

57 

77 

78 

8.6 

8.4 

0 

7 

0.2 

3.5 

11 

10 

49 

48 

77 

79 

9.6 

7.9 

P 

8 

9 

10 

0.2 
0.2 
0.2 

3.5 
3.5 
3.5 

12 

15 
17 

11 
20 
32 

53 
79 
71 

49 
71 
62 

97 
78 
72 

108 

88 

76 

9.4           7.9 
17.:    1    1C.2 
8.0            0.7 

0 
0 
T 

11 

0.2 

3.5 

17 

19 

73 

63 

70 

75 

7.4 

5 

0 

12 
13 

0.2 
0.2 

3.5 
3.5 

19 
10 

19 
10 

87 
56 

61 
61 

78 
79 

80 
81 

8.2 
8.2 

7.U 

0 

T 

14 
15 

0.2 
0.2 

3.5 
3.5 

14 
16 

18 
20 

62 
76 

53 
66 

85 
85 

89 
82 

12.8 
8.7 

13.2 
4.1 

0 

T 

16 

0.2 

3.4 

14 

73 

88 

88 

9.5 

T 

17 

0.2 

3.0 

10 

11 

73 

61 

96 

102 

11.3 

9.0 

0 

Contributor:    Behnke,   A.  R. 


Reference:    Lambertsen,    C.  J. 
C.  F..    J.  Appl.   Physiol.  5:471, 


Kough,   R.  H.,   Cooper,    D.  Y. 

1953. 


Emmel,   G.  L.,    Loeschcke,   H.  H.,   and  Schmidt, 


126.    EFFECT  OF  BREATHING  AIR, 


b%  O2  in  N^,    AND  100%  O2  AT  3.5 


ATMOSPHERES  ON  RESPIRATORY  EXCHANGE:     MAN 


Values  are  for  six  subjects. 


Inspired 
Gas 

Ambient 

Respiratory 

Tidal 

Minute 

Alveolar 

CO2 

Pressure 

Rate 

Volume 

Volume 

pC02 

Production 

atm 

breaths/min 

L,BTPS 

L/min.    BTPS 

mm  Hg 

cc/min,  STPD 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Air 

1.0 

12.8 

0.401 

5.15 

41 

176 

2 

6%02 

3.5 

12.7 

0.483 

6.12 

42 

214 

3 

Air 

3.5 

12.5 

0.463 

5.78 

38 

190 

4 

100%  Oz 

3.5 

10.3 

0.677 

7.00 

35 

213 

5 

Air 

1.0 

12.5 

0.511 

6.34 

38 

216 

6 

6%  O2 

3.5 

12.7 

0.468 

5.95 

36 

188 

7 

Air 

3.5 

12.7 

0.529 

6.73 

35 

204 

8 

100%  O2 

3.5 

10.9 

0.722 

7.84 

32 

245 

9 

Air 

1.0 

20.5 

0.346 

7.33 

40 

272 

10 

6%  O2 

3.5 

16.1 

0.389 

6.25 

38 

201 

11 

Air 

3.5 

18.1 

0.388 

7.03 

42 

205 

12 

100%  O2 

3.5 

18.4 

0.487 

8.97 

32 

262 

13 

Air 

1.0 

13.2 

0.433 

5.69 

43 

201 

14 

6%02 

3.5 

13.2 

0.382 

5.05 

41 

164 

15 

Air 

3.5 

13.6 

0.424 

5.78 

42 

196 

16 

100%  O2 

3.5 

11.9 

0.532 

6.30 

38 

206 

17 

Air 

1.0 

12.0 

0.529 

6.26 

39 

223 

18 

6%  O2 

3.5 

12.1 

0.562 

6.82 

38 

225 

19 

Air 

3.5 

12.3 

0.393 

4.82 

40 

151 

20 

100%  O2 

3.5 

11.7 

0.729 

8.56 

32 

267 

21 

Air 

1.0 

15.6 

0.487 

7.57 

36 

223 

22 

6%02 

3.5 

12.0 

0.524 

6.28 

34 

173 

23    Air 

3.5 

15.3 

0.528 

8.10 

32 

212 

24     100%  O2 

3.5 

17.7 

0.546 

9.65 

28 

215 

Contributor:    Behnke,  A.  R. 
Reference:     Lambertsen,    C.  J. 
J.  Appl.  Physiol.  5:487,    1953. 


Stroud,    M.  W.,   Ill;  Gould,    R.  A.,    Kough,    R.  H.,    Ewing,   J.  H.,   and  Schmidt,    C.  F., 
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127.     EFFECT  OF  RAPID  DECOMPRESSION  FROM  A  HIGH  PRESSURE  ATMOSPHERE  ON  BLOOD  GASES:     DOG 

As  a  result  of  rapid  decompression,   from  a  gauge  pressure  of  651b/sq  in.  of  air  for  105  minutes'  duration,   nascent 
gas  bubbles  became  raacroscopically  visible  in  the  circulation.     Massive  embolization  and  tachypnea  supervened 
after  reduction  of  pressure  to  normal  in  5-6  seconds  (asphyxial  period).    Dogs  were  then  recompressed  at  a  gauge 
pressure  of  30  Ib/sq  in.  of  air  or  oxygen  for  84  minutes  (recompression  period),   and  finally  decompressed  by  stages 
for  30  minutes  until  pressure  was  again  normal  (post- recompression  period).    Data  for  asphyxial  period  taken 
immediately  prior  to  recompression;  data  for  post- recompression  period  taken  after  breathing  normal  air  for  one 
hour. 


O2  Content 

A-V 

Difference 

vol  % 

O2 

Capacity 
vol% 

O2  Saturation 

pC02 

Period 

Arterial 
vol  % 

Venous 
vol% 

Arterial 
% 

Venous 
% 

Arterial 
ramHg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

Air  Inhalation 


1 

Control 

7.3 

15.7 

2 

Asphyxial 

6.8 

3 

Recompression 

17.8 

12.0 

5.8 

4 

Post- recompression 

10.5 

5 

Control 

19.3 

15.2 

4.1 

22.4 

86 

68 

6 

Asphyxial 

18.4 

8.7 

9.7 

7 

Recompression 

25.8 

11.5 

14.3 

8 

Post- recompression 

24.3 

8.8 

15.5 

29.0 

84 

30 

9 

Control 

15.9 

10.1 

5.8 

17.7 

90 

57 

45.0 

10 

Asphyxial 

5.4 

0.5 

4.9 

22.4 

24 

2 

59.0 

11 

Recompression 

17.9 

7.9 

10.0 

20.3 

88 

39 

12 

Post-recompression 

5.9 

2.3 

3.6 

22.8 

26 

10 

13 

Control 

14.6 

12.0 

2.6 

15.9 

92 

75 

38.0 

14 

Asphyxial 

6.9 

2.8 

4.1 

18.7 

37 

15 

51.0 

15 

Recompression 

16.0 

11.3 

4.7 

16.8 

95 

70 

16 

Post-recompression 

Death 

O2  Inhalation 

17 

Control 

20.9 

16.7 

4,2 

23.1 

91 

72 

37.0 

18 

Asphyxial 

23.5 

17.1 

6.4 

26.7 

88 

64 

46.0 

19 

Recompression 

20.5 

20 

Post-  recompression 

26.7 

16.9 

9.8 

28.5 

94 

59 

21 

Control 

20.6 

17.0 

3.6 

22.8 

90 

75 

22 

Asphyxial 

14.6 

7.7 

6.9 

26.1 

56 

30 

23 

Recompression 

31.7 

20.0 

11.7 

31. 5I 

100 

64 

24 

Post-recompression 

26.9 

7.3 

19.6 

29.8 

90 

24 

25 

Control 

19.3 

14.6 

4.7 

22.2 

87 

66 

50.0 

26 

Asphyxial 

18.3 

10.7 

7.6 

26.7 

70 

40 

60.0 

27 

Recompression 

29.0 

15.9 

12.1 

29.61 

95 

54 

28 

Post-recompression 

22.0 

11.4 

10.6 

24.5 

90 

47 

HI  4.2  vol  %  added  to  normal  capacity  by 
Contributor:     Behnke,   A.  R. 
Reference:     Behnke,    A. 


O2  in  physical  solution. 


114:526,    1936. 


R.,    Shaw,    L.  A.,    Messer,   A.  C,   Thomson,    R.  M.,   and  Motley,    E.  P..    Am.  J.  Physiol. 


128.     EFFECT  OF  DECOMPRESSION  IN  5  SECONDS  FROM  HIGH  PRESSURE  ATMOSPHERES  ON 
RESPIRATORY  RATE  AND  BLOOD  PRESSURE:     DOG 


Compression 

Compressed 

Time  Following 

Respiratory 

Blood 1 

Time 

Air 

Decompression 

Rate 

Pressure 

Remarks 

hr 

Ib/sq  in 

min 

breaths/min 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

4 

45 

12 

20 

110 

Dog  in  good  condition 

2 

45 

36 

20 

110 

following  day. 

i 

1.5 

60 

4 

24 

120-130 

Increased  respiratory 

4 

60 

8 

22 

120-130 

rate  subsided  sponta- 

b 

60 

14 

34 

120-130 

neously. 

6 

60 

17 

24 

120-130 

7 

60 

21 

50 

120-130 

8 

60 

25 

54 

120-130 

9 

60 

94 

36 

120-130 

10 

60 

200 

19 

120-130 

11 

2 

60 

3 

14 

124 

Decompression  precipi- 

12 

60 

7 

14 

120 

tated  massive  emboli- 

13 

60 

25 

9 

140 

zation  and  respiratory 

14^ 

60 

33 

8 

60 

rate  failure. 

Ill  Recorded  from  a  manometer  connected  to  a  cannula  in  femoral  artery. 
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128. 


EFFECT  OF  DECOMPRESSION  IN  5  SECONDS  FROM  HIGH  PRESSURE  ATMOSPHERES  ON 
RESPIRATORY  RATE  AND  BLOOD  PRESSURE:    DOG  (Concluded) 


Compression 

Compressed 

Time  Following 

Respiratory 

Blood' 

Time 

Air 

Decompression 

Rate 

Pressure 

Remarks 

hr 

Ib/sq  in 

min 

breaths /min 

mm  Hg 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

15 

2 

60 

37 

7 

40 

Decompression  precipi- 

16 

60 

45 

7 

tated  massive  emboli- 

17 

60 

46 

Failure 

zation  and  respiratory 
rate  failure. 

18 

2 

60 

3 

7 

90 

Spontaneous  subsidence 

19 

60 

11 

19 

of  tachypnea. 

20 

60 

14 

20 

112 

21 

60 

27 

38 

22 

60 

19 

69 

23 

60 

21 

78 

24 

60 

26 

92 

25 

60 

32 

47 

26 

60 

36 

17 

90 

27 

60 

58 

11 

90 

28 

0.55 

75 

1 

9 

64 

Precipitous  respiratory 

29 

75 

3 

Failure 

110  to  25 

rate  failure  which  did 

30 

Recompression 

120 

not  respond  to  recom- 

31 

Recompression 

92 

pression. 

32 

Recompression 

88 

/I/  Recorded  from  a  manometer  connected  to  a  cannula  in  femoral  artery. 

Contributor:    Behnke,   A.  R. 

Reference:    Behnke,   A.  R.,    Medicine  24:381,    1945. 


129. 


EFFECT  OF  DECOMPRESSION  AND  RECOMPRESSION  ON  BLOOD  PRESSURE. 
RESPIRATORY  RATE.  AND  PULSE  RATE:  DOG 


Alterations  in  blood  pressure,    respiratory  rate  and  pulse  rate  of  dog  decompressed  in  ten  seconds  from  a  gauge 
pressure  of  65  lb  after  1^  hours'  exposure,   followed  by  recompression  (interval  of  ten  minutes)  to  a  pressure  of  30 
lb  (oxygen)  for  twenty-five  minutes.    Pressure  was  then  lowered  to  atmospheric  in  twelve  minutes,   and  oxygen 
inhalation  continued  for  seventeen  minutes.     Preceded  by  period  of  oxygen  breathing  (thirty  minutes),    compression 
of  dog  was  again  repeated  at  a  pressure  of  65  lb  for  period  of  forty-five  minutes,   followed  by  ten  seconds'  decom- 
pression.   After  interval  of  twelve  minutes,   dog  was  recompressed  to  a  pressure  of  30  lb  for  twenty  minutes 
(oxygen  inhalation). 


160  h 


GP  =  gauge  pressure 
BP  =  blood  pressure 
RR  =  respiratory  rate 
PR  =  pulse  rate. 


Contributor:     Behnke,   A.  R. 

Reference:     Behnke,   A.  R..    U.  S.  Nav.  M.  Bull.  35:61,    1937. 
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130.    EFFECT  OF  DECOMPRESSION  ON  INTERNAL  PRESSURES:    DOG 

Unprotected  dogs  decompressed  from  100-200  ft  equivalent  depth  with  trachea  closed,  developed  pulmonary  interstitial 
emphysema  and  air  embolism  when  intratracheal  pressure  reached  a  critical  level  of  approximately  80  mm  Hg. 
However,   it  appears  that  the  critical  factor  in  this  development  is  a  transpulmonic  pressure  of  60-70  mm  Hg,   or  a 
transatrial  pressure  in  excess  of  55-65  mm  Hg,    rather  than  an  absolute  level  of  the  intratracheal  pressure.    Over- 
distension of  the  lung  was  prevented  by  application  of  thoraco-abdominal  binders,   but  not  by  abdominal  binders 
alone.    Group  A  =  animals  without  binders  that  developed  air  embolism;  Group  B  =  animals  without  binders  that  did 
not  develop  air  embolism;  Group  C  =  animals  with  abdominal  binders  that  developed  air  embolism;  Group  D  = 
animals  with  thoraco-abdominal  binders  that  did  not  develop  air  embolism.    Values  represent  pressures  in  mm  Hg 
based  on  means  of  all  animals  weighted  by  the  number  of  ascents. 


Group  A 

Group  B 

Pressure 

Subjects  Ascents 

Com- 

Decom- 

Gradient 

Subjects 

Ascents 

Com- 

Decom- 

Gradient 

no.           no. 

pressed 

pressed 

max. 

no. 

no. 

pressed 

pressed 

max. 

(A) 

(B)            (C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

Intratracheal 

7 

8 

1.9 

88.6 

5 

9 

2.0 

59.0 

2 

Intrapleural 

4 

5 

-3.0 

9.4 

3 

5 

-6.3 

7.9 

3 

Intra-abdominal 

4 

4 

-1.5 

18.8 

4 

6 

0.9 

11.8 

4 

Pulmonary  arterial 

6 

7 

9.8 

54.9 

4 

8 

3.8 

27.2 

5 

Left  atrial 

6 

7 

1.7 

19.8 

4 

6 

-5.3 

13.8 

6 

Systemic  arterial 

7 

8 

103.2 

22.8 

5 

9 

90.7 

36.0 

7 

Systemic  venous 

5 

6 

1.1 

17.1 

5 

9 

-1.9 

18.7 

8 

Transpulraonaryl 

4 

5 

68.1 

3 

5 

54.2 

9 

Transatrial^ 

5 

7 

63.6 

4 

6 

43.3 

10 

Transcapillaryi 

5 

6 

31.2 

3 

5 

13.7 

Group  C 

Group  D 

Pressure 

Subjects 

Ascents 

Cora- 

Decora- 

Gradient 

Subjects 

Ascents 

Cora- 

Decora- 

Gradient 

no. 

no. 

pressed 

pressed 

max. 

no. 

no. 

pressed 

pressed 

max. 

(A) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

(S) 

(T) 

(U) 

1 

Intratracheal 

2 

2 

5.0 

130.0 

2 

8 

3.6 

82.1 

2 

Intrapleural 

2 

2 

-4.0 

31.0 

2 

8 

-4.2 

55.4 

3 

Intra-abdominal 

1 

1 

5.0 

30.0 

2 

8 

4.2 

42.0 

4 

Pulmonary  arterial 

2 

2 

13.0 

55.0 

2 

8 

8.2 

68.5 

5 

Left  atrial 

2 

2 

-3.0 

36.0 

2 

8 

2.4 

56.1 

6 

Systemic  arterial 

2 

2 

97.5 

43.0 

2 

8 

125.4 

104.1 

7 

Systemic  venous 

2 

2 

9.5 

30.0 

2 

8 

5.4 

71.8 

8 

Transpulmonaryl 

2 

2 

99.0 

2 

8 

29.2 

9 

Transatrial^ 

2 

2 

94.0 

2 

8 

26.0 

10 

Transcapillary^ 

2 

^ 

19.0 

2 

8 

12.5 

III  Transpulmonary  =  intratracheal  minus  intrapleural.     /2/  Transatrial  =  intratracheal  minus  left  atrial. 
/3/  Transcapillary  =  pulmonary  arterial  minus  left  atrial. 


Contributor;    Schaefer,   K.  E. 


Reference;    Schaefer,   K.  E.,    McNulty,   W.  P.,   Jr.,    Carey,    C   and  Liebow,   A.  A.,   J.  Appl.  Physiol.,   in  press. 
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131.  EFFECT  OF  DRUGS  ON  PULMONARY 
Drugs  are  listed  alphabetically,  using  a  well-known  name.  Use  of  trade  names  is  for  informative  purposes  only  and 
is  expressed  as  %  increase  or  decrease  from  the  control  value  (100%).  In  a  few  instances  only  +  or  -  signs  are  used 
wise   indicated.      When  no  significant   difference   exists   over  a  dosage  range,   the  data  are  averaged  over  the  range. 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate             | 

Drug 

Control 

Drug 

breaths /min 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

I 

Acetazolamide 

25 

Oral 

Man 

9 

+  11 

2 

25 

Oral 

Dog 

Morphine  and 

6 

0 

3 

5-100 

IV 

Dog 

pentobarb. 

-7 

4 

5-100 

IV 

Dog 

1  5%  Oz 

-32 

5 

Acetic  acid 

10  cc  O.IN 

IV 

Rabbit 

Urethane 

60 

-20 

6 

Acetone 

15  cc  15% 

rv 

Rabbit 

Urethane 

42 

+67 

7 

15  cc  20% 

IV 

Rabbit 

Urethane 

48 

+  150 

8 

10  cc  30% 

IV 

Rabbit 

Urethane 

65 

+31 

9 

2-Acetoxy- 

200 

Oral 

Cat 

36 

+  3 

10 

phenanthrene 

300 

Oral 

Cat 

36 

+  17 

11 

3-Acetoxy- 

200 

Oral 

Cat 

42 

0 

12 

phenanthrene 

300 

Oral 

Cat 

42 

0 

13 

Acetylcodeine 

0.05-1.0 

SC 

Rabbit 

-17 

14 

HCl 

0.05-1.0 

SC 

Rabbit 

8%  COz 

-16 

15 

2.0-10.0 

SC 

Rabbit 

-39 

16 

2.0-10.0 

SC 

Rabbit 

8%  COz 

-37 

17 

Acetyldihydrocodeine 

0.2-2.0 

SC 

Rabbit 

-10 

18 

HCl 

0.2-2.0 

SC 

Rabbit 

8%  COz 

-6 

19 

5-20 

SC 

Rabbit 

-25 

20 

5-20 

SC 

Rabbit 

8%  COz 

-25 

21 

Acetyldihydroiso- 

0.2-1.0 

SC 

Rabbit 

-11 

22 

codeine  acid  tartrate 

0.2-1.0 

SC 

Rabbit 

8%  COz 

-8 

23 

2.0-10.0 

SC 

Rabbit 

-52 

24 

2.0-10.0 

SC 

Rabbit 

8%  COz 

-55 

25 

Acetylguanidine  HCl 

5.0 

SC 

Rabbit 

Urethane 

68 

+  53 

26 

Acetylhydroxycodeinone 

0.3-1.0 

SC 

Rabbit 

-19 

27 

HCl 

0.3-1.0 

SC 

Rabbit 

8%  COz 

-14 

28 

3.0 

SC 

Rabbit 

-50 

29 

3.0 

SC 

Rabbit 

8%  COz 

-50 

30 

5.0 

SC 

Rabbit 

-75 

31 

5.0 

SC 

Rabbit 

8%  COz 

-68 

32 

Acetylisocodeine  HCl 

0.1-0.5 

SC 

Rabbit 

-12 

33 

0.1-0.5 

SC 

Rabbit 

8%  COz 

-7 

34 

1.0-2.0 

SC 

Rabbit 

-39 

35 

1.0-2.0 

SC 

Rabbit 

8%  COz 

-29 

36 

5.0-10.0 

SC 

Rabbit 

-62 

37 

5.0-10.0 

SC 

Rabbit 

8%  COz 

-56 

38 

Alcohol  (ethyl,   95%) 

1.5-5  cc 

IP 

Rabbit 

56 

-4 

39 

Allopseudocodeine  HCl 

5-30 

SC 

Rabbit 

56 

-11 

40 

5-30 

SC 

Rabbit 

COz 

66 

-3 

41 

Aminoguanidine  HCl 

2 

SC 

Rabbit 

Urethane 

180 

+24 

42 

Aminophylline 

3 

IV 

Man 

11 

0 

43 

3 

rv 

Man 

2.1-6%  COz 

15 

-12 

44 

6 

IV 

Man 

+  18 

45 

6 

IV 

Man 

2.1-6%  COz 

+  32 

46 

25 

SC 

Man 

13 

+8 

47 

25 

SC 

Man 

3%  COz 

14 

0 

48 

25 

SC 

Man 

5%  COz 

17 

-19 

49 

p-  ( 2  -  Aminopropyl)- 

70  mg 

Oral 

Man 

11 

+27 

50 

phenol 

15-20  mg 

!M 

Man 

11 

+  10 

51 

Amobarbital 

2.9-10.0 

Oral 

Man 

12 

+  14 

52 

Amphetamine 

10  mg 

Oral 

Man 

13 

-2 

53 

sulfate 

30  rag 

Oral 

Man 

+5 

54 

10  mg 

IM 

Man 

-21 

55 

5-50 

Oral 

Man 

7 

-34 

56 

5% 

Aerosol 

Man 

8 

-27 

57 

Amyldihydro- 

0.0001-0.005 

SC 

Rabbit 

-7 

58 

morphinone  HCl 

0.0001-0.005 

SC 

Rabbit 

8%  COz 

-6 

59 

0.01-0.02 

SC 

Rabbit 

-37 

/I/  Arterial.     /2/  Alveolar. 
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FUNCTION:    MAN  AND  LABORATORY  ANIMALS 

in  no  way  implies  endorsement  by  The  National  Academy  of  Sciences- The  National  Research  Council.  Drug  response 
to  indicate  increase  or  decrease  when  quantitative  data  are  not  available.  Dose  is  expressed  in  mg/kg,  unless  other- 
Values  enclosed  in  parentheses  show  the  highest  and  lowest  %  change  for  that  particular  dosage  level. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

pCOz 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

CO 

% 

L/min 

% 

L/min 

% 

cc/min 

% 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

690 

-11 

6.39 

0 

-12 

39.91 

-2i 

85 

1 

-28 

-28 

-2 

53.71 

-l' 

85 

2 

+28 

+  13 

-7 

+24I 

85 

3 

+65 

+  15 

-4 

+  12' 

85 

4 

15 

+67 

0.885 

+  35 

37.51 

+  3I 

1 

5 

13 

+8 

0.980 

+79 

28.0' 

-lU 

1 

6 

24 

+  17 

1.152 

+  192 

28.51 

-9I 

1 

7 

15 

-7 

0.9V5 

+22 

33.5I 

-111 

1 

8 

2 

9 

2 

10 

2 

11 

2 

12 

-10 

+2 

3 

13 

-20 

14 

-27 

-9 

15 

-44 

16 

-5 

+8 

17 

-8 

18 

-12 

+14 

19 

-30 

20 

-3 

+3 

21 

-8 

22 

-39 

-3 

23 

-59 

24 

25 

-10 

+2 

26 

-15 

27 

-35 

-2 

28 

-57 

29 

-56 

-17 

30 

-72 

31 

-8 

+4 

32 

-9 

33 

-25 

-10 

34 

-31 

35 

-47 

-12 

36 

-61 

37 

9 

-15 

0.500 

-17 

38 

21 

+6 

1.176 

-4 

25 

+8 

39 

45 

0 

2.970 

-3 

40 

5 

41 

689 

+  19 

6.55 

+  19 

37.5^ 

-82 

8 

42 

1258 

+  26 
-16 
-1 

18.70 

+16 
+  10 
+  36 

45.02 

-42 
-62 
-62 

8 
8 
8 

43 
44 
45 

630 

+  36 

8.2 

0 

9 

46 

1110 

+4 

15.4 

+  5 

9 

47 

1427 

+21 

24.7 

-3 

9 

48 

363 

-22 

4.0 

0 

171 

+8 

18 

49 

572 

-14 

5.3 

+6 

259 

0 

18 

50 

231 

+  3 

11 

51 

481 

-11 

+4 

+3 

6.4 

-13 

+9 
-19 

264 

-8 
+  14 
-3 

18 
18 
18 

52 
53 
54 

696 

+49 

5.0 

-8 

3.48 

+  3 

19 

55 

743 

+  55 

5.4 

+6 

3.9 

+  15 

20 

56 

-2 

+6 

10 

57 

-7 

10 

58 

-23 

-10 

10 

59 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Respiratory  Rate            | 

Drug 

Premedication 

Control 

Drug 

breaths /min 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

60 

Amyldihydro- 

0.01-0.02 

SC 

Rabbit 

8%  C02 

-32 

61 

morphinone  HCl 

0.05-0.50 

SC 

Rabbit 

-79 

62 

(concluded) 

0.05-0.50 

SC 

Rabbit 

8%C02 

-86 

63 

Apomorphine 

1.0 

SC 

Rabbit 

28 

+164 

64 

Atropine  sulfate 

0.05  mg 

SC 

Man 

65 

0.05  mg 

IV 

Man 

66 

1.29  mg 

Oral 

Man 

67 

1% 

Aerosol 

Man 

13 

-52 

68 

1% 

Aerosol 

Man 

6 

-4 

69 

0.4-2.0  mg 

IV 

Dog 

Chloralose 

70 

Azure  A 

0.1-0.5 

IV 

Rabbit 

Urethane 

+  3 

71 

1.0-5.0 

IV 

Rabbit 

and 

+19 

72 

7.5-10.0 

IV 

Rabbit 

pentobarb. 

+7 

73 

Barbital  sodium 

5-19 

Oral 

Man 

12                +15 

2-(Benzhydryloxy)- 

i 

N,  N-dimethyl- 

74 

ethylamine  HCl 

100  rag 

rv 

Dog 

Pentobarb. 

75 

2-(-N-Benzylanilino- 

100  mg 

rv 

Dog 

Pentobarb. 

76 

methyl)-imidazoline 

50 

IM 

Mice 

20%  02 

0 

77 

50 

IM 

Mice 

16%  O2 

-6 

78 

50 

IM 

Mice 

14-10%  O2 

-23 

79 

Benzyldihydrodesoxy- 

0.2-5.0 

SC 

Rabbit 

-8(+3to-l6) 

80 

morphine-D  HCl 

0.2-5.0 

SC 

Rabbit 

8%C02 

-7(-2to-12) 

81 

10.0-40.0 

SC 

Rabbit 

-14(-11  to-17) 

82 

10.0-40.0 

SC 

Rabbit 

8%  COe 

-19(-14to-26) 

83 

Benzyldihydromorphine 

0.2-5.0 

SC 

Rabbit 

-7(-3to-13) 

84 

HCl 

0.2-5.0 

SC 

Rabbit 

8%  CO2 

-5<-3to-6) 

85 

10-20 

SC 

Rabbit 

-15 

86 

10-20 

SC 

Rabbit 

8%  CO2 

-16(-13to-19) 

87 

40 

SC 

Rabbit 

+40 

88 

40 

SC 

Rabbit 

8%  CO2 

+7 

89 

Benzyldihydro- 

0.01-0.2 

SC 

Rabbit 

-ll(-2to-23) 

90 

morphinone  HCl 

0.01-0.2 

SC 

Rabbit 

CO2 

-8(+0.4to-19) 

91 

0.5-2.0 

SC 

Rabbit 

-41(-35to-47) 

92 

0.5-2.0 

SC 

Rabbit 

CO2 

-37(-32to-43) 

93 

Benzylethyl- 

10% 

Aerosol 

Man 

9 

-78 

94 

methylamine 

5% 

Aerosol 

Man 

8 

-47 

95 

Benzylmorphine  HCl 

0.1-3.0 

SC 

Rabbit 

-3(+2to-10) 

96 

0.1-3.0 

SC 

Rabbit 

CO2 

+0.2(+4to  -6) 

97 

5.0-10.0 

SC 

Rabbit 

-9(-6to-12) 

98 

5.0-10.0 

SC 

Rabbit 

CO2 

-9(-4to-14) 

99 

20 

SC 

Rabbit 

+16 

100 

20 

SC 

Rabbit 

CO2 

+  12 

101 

Benzylmorphine- 

0.5-20.0 

SC 

Rabbit 

-10(-4to-16) 

102 

6- methyl  ether 

0.5-20.0 

SC 

Rabbit 

8%  CO2 

-7(-4to-ll) 

103 

acid  sulfate 

50.0 

SC 

Rabbit 

+14 

104 

50.0 

SC 

Rabbit 

8%  CO2 

105 

Bromocodeinone 

0.05-1.0 

SC 

Rabbit 

-2(+6to-12) 

106 

0.05-1.0 

SC 

Rabbit 

6-10%  CO2 

-3(+3to-9) 

Butallylonal 

107 

sodium 

42 

IV 

Dog 

24 

-17 

108 

Butethal 

200  mg 

Oral 

Man 

+3 

109 

300  mg 

Oral 

Man 

+44 

110 

400  mg 

Oral 

Man 

+  10 

111 

Caffeine 

5-10% 

Aerosol 

Man 

U 

+36 

112 

250  mg 

SC 

Man 

3%C02 

+23 

113 

250  mg 

SC 

Man 

5%  CO2 

+52 

114 

10 

IM 

Man 

Morphine 

9 

+23 

115 

25  mg 

IM 

Man 

12 

+  10 

116 

25  mg 

IM 

Man 

3%  CO2 

+1 

117 

25  mg 

IM 

Man 

5%  CO2 

+  12 

118 

30 

IV 

Cat 

Phenobarb. 

+68 

119 

30 

IV 

Cat 

Chlorbutanol 

+31 

180 


MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  In  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

PCO2 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/min 

% 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

-32 

10 

60 

-60 

-27 

10 

61 

-88 

10 

62 

14 

0 

0.395 

+167 

12 

63 

612 

-15 

13 

64 

493 

+  15 

+  3 

+3 

13 
14 

65 
66 

450 

+  122 

5.62 

+7 

15 

67 

820 

+  5 

4.52 

-5 

3.5 

-3 

16 

68 

166 

-16 

13 

69 

0 

17 

70 

+10 

17 

71 

-8 

17 

72 

211 

-3 

11 

73 

+44 

26 

74 

+16 

26 
27 
27 
27 

75 
76 
77 
78 

-0.4(-9to+10) 

+6(+3to+9) 

28 

79 

-7(+3to-16) 

28 

80 

-13(-10to-16) 

+8<+6to  +  ll) 

28 

81 

-25(-17to-38) 

28 

82 

-1.3(+5to-9) 

+4{+2to+6) 

28 

83 

-6(+3to-7) 

28 

84 

-17(-11  to-24) 

+6(+4to+8) 

28 

85 

-21(-16to-26) 

28 

86 

+10 

+  14 

28 

87 

-12 

28 

88 

-2(+6to-U) 

+4(+llto+2) 

10 

89 

-9(+4to-23) 

10 

90 

-22(-14to-26) 

-7(-4to-ll) 

10 

91 

-43(-40to-46) 

10 

92 

550 

+218 

4.95 

-29 

15 

93 

695 

+  55 

5.6 

-14 

3.4 

+7 

16 

94 

+  5(+2to  +  14) 

+6(+2to+8) 

28 

95 

-0.6(+2to-10) 

28 

96 

-9(-7to-ll) 

+6(+3to+9) 

28 

97 

-13(-llto-l6) 

28 

98 

-7 

+14 

28 

99 

-10 

28 

100 

-8(-lto-17) 

+7(  +  3to  +  14) 

28 

101 

-ll(-3to-25) 

28 

102 

+  13 

28 

103 

+  17 

28 

104 

0(+5to-6) 

+9(+2to  +  16) 

4 

105 

-6(+14to-16) 

4 

106 

220 

0 

5.28 

-17 

150 

-13 

29 

107 

-7 

11 

108 

+6 

11 

109 

-7 

11 

110 

631 

-28 

6.45 

+8 

4.1 

-5 

16 
30 
30 

111 
112 

113 

529 

-3 

4.5 

+20 

31 

114 

626 

-7 
+  11 
+3 

7.7 

+3 
+  12 

+  16 
+47 
+40 

9 

9 

9 

32 

32 

115 
116 
117 
118 
119 

181 


131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Mode  of 
Administration 

Respiratory  Rate 

J 

Drug 

Dose 

Species 

Premedication 

Control 
breaths /rain 

Drug 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

120 

Caffeine  (concluded) 

30 

IV 

Dog 

Phenobarb. 

+  14 

121 

30 

IV 

Dog 

Pentobarb. 

+61 

122 

200  mg 

IV 

Rabbit 

Tribromo- 
ethanol 

+  150 

123 

Carbachol 

0.5-2% 

Aerosol 

Man 

7 

+  165                     1 

124 

Carbon  dioxide 

2% 

Inhaled 

Man 

14 

+6 

125 

3.5% 

Inhaled 

Man 

+10 

126 

5.0% 

Inhaled 

Man 

+28 

127 

3.0% 

Inhaled 

Man 

15 

+53 

128 

5-7% 

Inhaled 

Man 

129 

2.0% 

Inhaled 

Cat 

30 

+3 

130 

4.0% 

Inhaled 

Cat 

+3 

131 

6.0% 

Inhaled 

Cat 

+  17 

132 

8.0% 

Inhaled 

Cat 

+23 

133 

Carbon  monoxide 

1.0% 

Inhaled 

Dog 

Amytal 

13 

+  123                      1 

Chlorallyl-  nor-  codeine 

134 

chlorhydrate 

20 

SC 

Rabbit 

23 

+  130 

135 

Chloralose 

89.5 

IV 

Dog 

18 

-22 

136 

75 

IP 

Cat 

34 

-67 

137 

75 

IP 

Cat 

2%  C02 

-71 

138 

75 

IP 

Cat 

4%  C02 

-70 

139 

75 

IP 

Cat 

6-8%  C02 

-70 

Chlorprophen- 

140 

pyridaminemaleate 

0.4  rag 

IV 

Dog 

Pentobarb. 

13 

-2 

141 

Codeine  sulfate  and 

20  rag 

SC 

Man 

142 

HCl 

60  mg 

SC 

Man 

143 

120  mg 

SC 

Man 

144 

2-5 

SC 

Rabbit 

-21 

145 

2-5 

SC 

Rabbit 

COz 

-19 

146 

10-20 

SC 

Rabbit 

-22 

147 

10-20 

SC 

Rabbit 

C02 

-19 

148 

30 

SC 

Rabbit 

30 

+33 

149 

Cyclobarbital 

200  mg 

Oral 

Man 

+9 

150 

400  rag 

Oral 

Man 

+9 

151 

600  mg 

Oral 

Man 

+  1 

152 

d-Desoxyephedrine 

0.5-1.0 

SC 

Rat 

143 

+  32 

153 

HCl 

1.5-2.0 

SC 

Rat 

+45 

154 

2.5-3.0 

SC 

Rat 

+44 

155 

0.5-10.0 

SC 

Guinea  pig 

75 

+  19 

156 

20.0 

SC 

Guinea  pig 

+92 

157 

Diacetyldihydro- 

0.3-1.0 

SC 

Rabbit 

-9 

158 

hydroxycodeine-B 

0.3-1.0' 

SC 

Rabbit 

6-10%  C02 

-6 

159 

acid  tartrate 

3.0-5.0 

SC 

Rabbit 

-40 

160 

3.0-5.0 

SC 

Rabbit 

6-10%  COz 

-27 

161 

10.0-20.0 

SC 

Rabbit 

-58 

162 

10.0-20.0 

SC 

Rabbit 

6-10%  COz 

-52 

163 

Diacetyldihydro- 

0.05-1.0 

SC 

Rabbit 

-U 

164 

hydroxy codeine- C 

0.05-1.0 

SC 

Rabbit 

6-10%  COz 

-6 

165 

acid  tartrate 

3.0-5.0 

SC 

Rabbit 

-57 

166 

3.0-5.0 

SC 

Rabbit 

6-10%  C02 

-43 

167 

10.0 

SC 

Rabbit 

-76 

168 
169 

10.0 

SC 

Rabbit 

6-10%  COz. 

-77 

Diacetyldihydro- 

0.1-0.3 

SC 

Rabbit 

-18 

170  i      morphine  HCl 

0.1-0.3 

SC 

Rabbit 

C02 

-2(0  to -4) 

171 

0.5-2.0 

SC 

Rabbit 

-52 

172 

0.5-2.0 

SC 

Rabbit 

COz 

-46 

173 

3.0-10.0 

SC 

Rabbit 

-81 

174 

3.0-10.0 

SC 

Rabbit 

COz 

-82 

175 

Diacetylmorphinc  HCl 

0.01-0.1 

SC 

Rabbit 

-28(-8to- 

40) 

176  j 

O.OI-O.l 

SC 

Rabbit 

COz 

-15 

177 

0.3-10.0 

SC 

Rabbit 

-84 

178 

0.3-10.0 

SC 

Rabbit 

COz 

-81 

179 

Diallylbarbituric  acid 

3.0 

Oral 

Man 

U 

+6                         1 

182 


MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption        [            pCOz 

Refer- 
e 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug            Control  |Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/rain 

%              ,mm  Hg  j     % 

(H) 

(1) 

(J) 

(K) 

(U 

(M) 

(N) 

(O)                  (P)      1  (Q) 

(R) 

+16 

32 

120 

+61 

32 
33 

121 
122 

800 

-38 

5.11 

+43 

3.75 

+8 

16 

123 

34 

124 

34 

125 

34 

126 

609 

+  120 

9.4 

+249 
+  360 

7.5 

-1 

35 
36 

127 
128 

13 

+45 
+  188 
+  380 
+  512 

0.382 

+  50 
+  197 
+459 
+654 

37 
37 
37 
37 

129 
130 
131 
132 

85 

-19 

1.1 

+  82 

38 

133 

22 

-32 

0.510 

+  55 

! 

12 

134 

231 

+  5 

4.16 

-19 

137 

-17 

29 

135 

U 

+56 
+30 
-4 
-38 

0.373 

-52 
-62 
-76 
-82 

37 
37 
37 
37 

136 
137 
138 
139 

106 

+6 

1.4 

+4 

26 

140 

-8 

39 

141 

-18 

40 

142 

-31 

40 

143 

+7 

-1 

7 

144 

-3 

7 

145 

+  12 

+31 

7 

146 

-14 

7 

147 

8 

+  112 

0.242 

+  186 

12 

148 

-19 

11 

149 

+4 

11 

150 

0 

11 

151 

2 

+7 
+  19 

+3(+22to-16) 
-15(+9to-28) 

+  15 

0.282 

+43 

+70 

+  50 

-2(-39to+49) 

+  145 

49 
49 
49 
49 
49 

152 
153 
154 
155 
156 

-6 

+l(+4to-5) 

4 

157 

-8 

4 

158 

-26 

-2 

4 

159 

-26 

4 

160 

-41 

-10 

4 

161 

-56 

4 

162 

-4(  +  5to-ll) 

+2 

4 

163 

-7(+2to-l6) 

4 

164 

-31 

-4 

4 

165 

-45 

4 

166 

-55 

-24 

4 

167 

-79 

4 

168 

+  12 

-8 

+l(+3to-l) 

45 

169 

-p.5(+lto-2) 

-2 

45 

170 

+31 

-36 

-10 

45 

171 

-9 

-50 

45 

172 

+91 

-65 

-U(+13to-23) 

45 

173 

-7 

-84 

45 

174 

+21 

-13(+4to-29) 

-4(+2to-12) 

45 

175 

0(-4to+2) 

-15 

45 

176 

+  108 

-69 

-23 

45 

177 

+  5{+36to-15) 

-80 

45 

178 

219 

-3 

11 

179 

183 


131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Mode  of 
Administration 

Respiratory  Rate           | 

Drug 

Dose 

Species 

Premedication         Control 

Drug 

breaths  /  min 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

180 

DiaUylbarbituric  acid 

6.0 

Oral 

Man 

-17 

181 

(concluded) 

7.0 

Oral 

Man 

+9 

6,  7-Diethoxy  tetra- 

182 

hydroisoquinoline 

0.6-2.6 

IV 

Cat,  dog 

Anesthetized 

0 

183 

1,2,  3-tri-O-Di- 

0.5  rag 

IV 

Man 

Cyclopropane 

184 

ethylamino- 

1.0  mg 

IV 

Man 

Cyclopropane 

185 

cthoxy)  benzene 

1.5  rag 

IV 

Man 

Cyclopropane 

186 

triethiodide 
(Flaxedil) 

2.0  rag 

IV 

Man 

Cyclopropane 

187 

Diethylarninoraethyl 

10% 

Aerosol 

Man 

11 

-29 

188 

benzodioxane 

1-30% 

Aerosol 

Man 

9 

-21 

Ac-2,  2-Diethyl- 

aminomethyl  tetra- 

189 

hydronaphthol  HCl 

50 

SC 

Rabbit 

37 

+  16 

190 

Oigitolal 

100  rag 

rv 

Man 

191 

Oigitoxin 

1.4  rag 

IV 

Man 

192 

1.4  rag 

rv 

Man 

C02 

193 

2.2  mg 

IV 

Man 

194 

2.2  mg 

IV 

Man 

C02 

195 

Dihydro-allo- 

5.0-20.0 

SC 

Rabbit 

-21 

196 

pseudocodeine  acid 

5.0-20.0 

SC 

Rabbit 

COz 

-21 

197 

tartrate 

30.0-40.0 

SC 

Rabbit 

-4Z 

198 

30.0-40.0 

SC 

Rabbit 

C02 

-32 

199 

Dihydrocodeine 

30  mg 

SC 

Man 

200 

acid  tartrate 

30  mg 

SC 

Man 

5%C02 

201 

2.0-3.0 

SC 

Rabbit 

-10 

202 

2.0-3.0 

SC 

Rabbit 

C02 

-65 

203 

5.0-10.0 

SC 

Rabbit 

-30 

204 

5.0-10.0 

SC 

Rabbit 

COz 

-28 

205 

15.0-30.0 

SC 

Rabbit 

-48 

206 

15.0-30.0 

SC 

Rabbit 

COz 

-47 

207 

50.0 

SC 

Rabbit 

-28 

208 

50.0 

SC 

Rabbit 

COz 

-19 

209 

Dihydrocodeinone 

5  mg 

Man 

210 

bitartrate 

0.1-0.5 

SC 

Rabbit 

-19 

211 

0.1-0.5 

SC 

Rabbit 

COz 

-14 

212 

1.0-5.0 

SC 

Rabbit 

COz 

-40 

213 

1.5-5.0 

SC 

Rabbi^ 

-39 

214 

10 

SC 

Rabbit 

-63 

215 

10 

SC 

Rabbit 

COz 

-57 

216 

Dihydrocodeinone 

0.1-0.2 

SC 

Rabbit 

-11 

217 

enol  acetate 

0.1-0.2 

SC 

Rabbit 

8%  COz 

-4 

218 

0.5-2.0 

SC 

Rabbit 

-37 

219 

0.5-2.0 

SC 

Rabbit 

8%  COz 

-30 

220 

5.0 

SC 

Rabbit 

-62 

221 

5.0 

SC 

Rabbit 

8%  COz 

-68 

222 

Dihydrohydroxy- 

0.5-50.0 

SC 

Rabbit 

-3(+3to-10) 

223 

codeine-A 

0.5-50.0 

SC 

Rabbit 

6-10%  COz 

-4(+4to-8) 

224 

Dihydr ohyd  roxy- 

0.05-0.2 

SC 

Rabbit 

+3 

225 

codeine-B 

0.05-0.2 

SC 

Rabbit 

6-10%  COz 

+1 

226 

0.5-1.0 

SC 

Rabbit 

-18 

227 

0.5-1.0 

SC 

Rabbit 

6-10%  COz 

-13 

228 

3.0-5.0 

SC 

Rabbit 

-43 

229 

3.0-5.0 

SC 

Rabbit 

6-10%  COz 

-34 

230 

10.0-20.0 

SC 

Rabbit 

-70 

231 

10.0-20.0 

SC 

Rabbit 

6-10%  COz 

-65 

232 

Dihydrohydroxy- 

0.1-1.0 

SC 

Rabbit 

-5 

233 

codeine-C 

0  1-1.0 

SC 

Rabbit 

6-10%  COz 

-4 

234 

3.0-10.0 

SC 

Rabbit 

-38 

235 

3.0-10.0 

SC 

Rabbit 

6-10%  COz 

-37 

236 

20 

SC 

Rabbit 

-55 

237 

20 

SC 

Rabbit 

6-10%  COz 

-56 

/I/  Alveolar. 


184 


MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume          | 

Minute  Volume         ] 

Alveolar  Ventilation  |       O2  Consumption        | 

pCOz         1 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug           Control  | 

Drug 

Control 

Drug 

ence 

cc 

% 

L/min 

% 

L/rain 

% 

cc/min 

% 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

+11 

11 

180 

+5 

11 

181 

44 

182 

-U 

78 

183 

-35 

78 

184 

-50 

78 

185 

-88 

78 

186 

775 

+  32 

8.14 

-6 

15 

187 

648 

+42 

5.73 

-8 

4.12 

-1 

16 

188 

29 

+  3 

1.069 

+20 

30 

+93 

46 

189 

241 

+2 

47 

190 

-1 

+11 

48 

191 

-16 

42.01 

01 

48 

192 

-1 

+41 

48 

193 

-30 

42.01 

oi 

48 

194 

+6 

-17 

+7(+3to+9) 

43 

195 

0 

-21 

43 

196 

+22 

-28 

-5{0to-9) 

43 

197 

0 

-33 

43 

198 

9.7 

-4 

42 

199 

16.7 

-10 

42 

200 

+2 

-8 

0 

43 

201 

+4 

-3 

43 

202 

+  15 

-20 

0 

43 

203 

-3 

-30 

43 

204 

+  32 

-33 

+4 

43 

205 

-7 

-51 

43 

206 

+43 

+4 

+40 

43 

207 

-11 

-28 

43 

208 

-4 

39 

209 

+  12 

0 

41 

210 

-1 

41 

211 

+  15 

+9 

41 

212 

-16 

41 

213 

+71 

+  14 

41 

214 

+2 

41 

215 

-5 

+0.2 

10 

216 

-7 

10 

217 

-23 

-8 

10 

218 

-34 

10 

219 

-48 

-17 

10 

220 

-76 

10 

221 

-0.2(+3to-7) 

+3(-9to  +  17) 

4 

222 

-0.5(+15to-9) 

4 

223 

+7 

+5 

4 

224 

+6 

4 

225 

-9 

+3 

4 

226 

-12 

4 

227 

-33 

-2 

4 

228 

-42 

4 

229 

-50 

-11 

4 

230 

-67 

4 

231 

+6 

+3(+9to-3) 

4 

232 

-2 

4 

233 

-30 

-3 

4 

234 

-46 

4 

235 

-52 

-22 

4 

236 

-69 

4 

237 

185 


131.     EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate            | 

Drug 

Control 
breaths /min 

Drug 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

238 

Dihydrohydroxy- 

0.01-0.1 

SC 

Rabbit 

-7 

239 

codeinone  HCl 

0.01-0.1 

SC 

Rabbit 

6-10%  COz 

-3 

240 

0.3-1.0 

SC 

Rabbit 

-30 

241 

0.3-1.0 

SC 

Rabbit 

6-10%  COz 

-28 

242 

3.0-5.0 

SC 

Rabbit 

-73 

243 

3.0-5.0 

SC 

Rabbit 

6-10%  COz 

-76 

244 

10 

SC 

Rabbit 

-84 

245 

10 

SC 

Rabbit 

6-10%  COz 

-94 

246 

Dihydroisocodeine 

30  mg 

SC 

Man 

247 

acid  tartrate 

30  rag 

SC 

Man 

5%  COz 

248 

1.0-2.0 

SC 

Rabbit 

-22 

249 

1.0-2.0 

SC 

Rabbit 

COz 

-12 

250 

5.0-20.0 

SC 

Rabbit 

-55 

251 

5.0-20.0 

SC 

Rabbit 

COz 

-50 

252 

35.0-50.0 

SC 

Rabbit 

-61 

253 

35.0-50.0 

SC 

Rabbit 

COz 

-62 

254 

Dihydroraorphine 

0.1-2.0 

SC 

Rabbit 

-25{+lto-37) 

255 

HCl 

0.1-2.0 

SC 

Rabbit 

COz 

-22 

256 

3.0-10.0 

SC 

Rabbit 

-56 

257 

3.0-10.0 

SC 

Rabbit 

COz 

-50 

258 

Dihydromorphinone 

0.01-0.25 

SC 

Rabbit 

-27(-8to-44) 

259 

HCl 

0.01-0.25 

SC 

Rabbit 

COz 

-19(-3to-39) 

260 

0.5-10.0 

SC 

Rabbit 

-62 

261 

0.5-10.0 

SC 

Rabbit 

COz 

-61 

262 

Dihydropseudo- 

50.0-150.0 

SC 

Rabbit 

-7(+20to-19) 

263 

codeine  HCl 

50.0-150.0 

SC 

Rabbit 

COz 

-9(-2to-14) 

5,  6-Dihydroxy  tetra- 

264 

hydroisoquinoline 

0.24-4.5 

IV 

Cat,  dog 

Anesthetized 

- 

6,  7-Dihydroxy  tetra- 

265 

hydroisoquinoline 

0.24-4.5 

IV 

Cat,  dog 

Anesthetized 

- 

266 

Diraenhydrinate 

10  mg 

IV 

Dog 

Pentobarb. 

11              1+10                     1 

5,  6-Dimethoxy  tetra- 

267 

hydroisoquinoline 

1.0-5.1 

IV 

Cat,  dog 

Anesthetized 

- 

6,  7-Din:aethoxy  tetra- 

268 

hydroisoquinoline 

1.0-5.1 

IV 

Cat,  dog 

Anesthetized 

- 

Ac-2.  2-Diraethyl- 

arainomethyl  tetra- 

269 

hydronaphthol  HCl 

150 

SC 

Rabbit 

35 

+9 

270 

Dimethyl  guanidine  HCl 

5 

SC 

Rabbit 

Urethane 

70 

+26 

271 

Dimethyltoluthionine  CI 

0.1 

IV 

Rabbit 

Pentobarb. 

0 

272 

0.5-2.0 

IV 

Rabbit 

and 

+4 

273 

5.0-7.5 

IV 

Rabbit 

urethane 

+  18 

274 

10.0 

IV 

Rabbit 

Pentobarb.  and 
urethane 

-6 

275 

Dinltrophenol 

10.0-20.0 

SC 

Dog 

Pentobarb. 

16 

+275 

276 

10.0 

SC 

Rabbit 

Morphine 

+  11 

277 

20.0 

SC 

Rabbit 

Morphine 

+96 

278 

40.0 

SC 

Rabbit 

Morphine 

+43 

279 

20.0 

SC 

Rabbit 

Chloral 

+59 

280 

20.0 

SC 

Rabbit 

Alcohol 

+49 

281 

20.0 

SC 

Rabbit 

Pentobarb. 

+36 

282 

5.0 

IM 

Rabbit 

+6 

283 

10.0 

IM 

Rabbit 

+8 

284 

20.0-60.0 

IM 

Rabbit 

+50 

285 

80.0 

IM 

Rabbit 

+23 

286 

2,  4-Dinitrophenyl- 

0.02-0.50 

SC 

Rabbit 

-15(-2to-35) 

287 

morphine  HCl 

0.02-0.50 

SC 

Rabbit 

8%  COz 

-8(-l  to-24) 

288 

1.0-20.0 

SC 

Rabbit 

-39(-28to-55) 

289 

1.0-20.0 

SC 

Rabbit 

8%  COz 

-34(-15to-56) 

Diphenyl  guanidine 

290 

symm.  HCl 

1 

SC 

Rabbit 

Urethane 

136 

+  10 

291 

Ephedrine 

5.0-50.0 

Oral 

Man 

8 

-3 

292 

0.5 

SC 

Man 

Morphine 

7 

+28 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

pCOz 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/min 

% 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(U 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

+5 

+6 

4 

238 

-1 

4 

239 

-20 

-3 

4 

240 

-33 

4 

241 

-57 

-3 

4 

242 

-77 

4 

243 

-62 

-15 

4 

244 

-93 

4 

245 

9.8 

-17 

42 

246 

16.3 

-25 

42 

247 

+8 

-16 

0 

43 

248 

-2 

-14 

43 

249 

+29 

-42 

-10 

43 

250 

-3 

-50 

43 

251 

+  19 

-53 

+9 

43 

252 

-30 

-73 

43 

253 

+8(-2to  +  17) 

-19(0to-31) 

+  1(0  to +4) 

41 

254 

0(+10to-12) 

-22 

41 

255 

+29 

-40 

-3(  +  5to-10) 

41 

256 

-4(+5to-14) 

-52 

41 

257 

+  ll(+2to+25) 

-21(-7to-30) 

+4(0  to +5) 

41 

258 

-3(0to-4) 

-21(-6to-39) 

41 

259 

+26(  +  3to+60) 

-52 

-2(+5to-8) 

41 

260 

-16(-4to-30) 

-67 

41 

261 

0(+13to-13) 

-8(+5to-18) 

+5(0  to +9) 

43 

262 

-5(-2to-7) 

-15(-7to-20) 

43 

263 

. 

. 

44 

264 

_ 

, 

44 

265 

124 

+  10 

1.40 

+21 

26 

266 

0 

0 

44 

267 

0 

0 

44 

268 

18 

+11 

0.627 

+19 

37 

+3 

46 

269 

5 

270 

0 

17 

271 

+4 

17 

272 

+  10 

17 

273 

-20 

17 

274 

147 

+321 

+  107 

-70 

+22 

+68 

+46 

-11 

+43 

+  55 

+209 

1.76 

+1809 

+  306 

-57 

+93 

+  150 

+100 

-6 

+49 

+  135 

+272 

86 

+731 

50 

6 

6 

6 

6 

6 

6 

51 

51 

51 

51 

275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 

-2(+2to-8) 

-0.2 

28 

286 

-6(+5to-25) 

28 

287 

-21(-6to-31) 

-5.5(-12to+2) 

28 

288 

-35(-llto-57) 

28 

289 

5 

290 

738 

+15 

5.55 

+4 

3.78 

+4 

19 

291 

728 

+  1 

5.10 

+29 

31 

292 
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131.     EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Mode  of 
Administration 

Respiratory  Rate            | 

Drug 

Dose 

Species 

Premedication 

Control 
breaths /min 

Drug 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

293 

Ephedrine  (concluded) 

0.5-1.0 

IM 

Fox 

294 

0.05 

IM 

Dog 

295 

0.25-0.85 

IM 

Dog 

296 

Epinephrine  HCl 

0.1-1.0% 

Aerosol 

Man 

7 

-30 

297 

ZOjxg 

IV 

Man 

298 

160  (ig/kg 

sc 

Fox 

299 

160  jig/kg 

IP 

Fox 

300 

5  Kg/kg 

IM 

Dog 

301 

10-20  jig/kg 

IM 

Dog 

302 

50  fig/kg 

IM 

Dog 

303 

80  ng/kg 

IM 

Dog 

304 

125  ng/kg 

IM 

Dog 

305 

Ergotamine 

0.05 

IV 

Cat 

Chloralose 

306 

0.05 

IV 

Cat 

Chloralose 
and  C02 

307 

Ethalolguanidine  HCl 

5.0 

SC 

Rabbit 

Urethane 

40 

+  20 

308 

Ether  (Diethyl) 

Inhaled 

Dog 

24 

+242 

309 

Ethinaraate 

1.5B 

Oral 

Man 

20 

-5 

6-  Ethoxy-  6-  methoxy 

tetrahydro- 

310 

isoquinoline 

0.7-3.0 

IV 

Cat,  dog 

Anesthetized 

0 

6- Ethoxy-7- methoxy 

tetrahydro- 

311 

isoquinoline 

0.7-2.4 

IV 

Cat,  dog 

Anesthetized 

- 

312 

2-  Ethoxy 

200 

Oral 

Cat 

45 

+  18 

313 

phenanthrene 

300 

Oral 

Cat 

48 

-8 

314 

3-  Ethoxy 

300 

Oral 

Cat 

39 

-10 

315 

phenanthrene 

400 

Oral 

Cat 

+8 

6- Ethoxy  tetrahydro- 

316 

isoquinoline 

0.6-2.1 

IV 

Cat,   dog 

Anesthetized 

- 

317 

Ethyldihydro- 

0.01-0.1 

SC 

Rabbit 

-10 

318 

morphinone  HCl 

0.01-0.1 

SC 

Rabbit 

8%  COz 

-9 

319 

0.2-0.5 

SC 

Rabbit 

-41 

320 

0.2-0.5 

SC 

Rabbit 

8%  COz 

-38 

321 

1.0 

SC 

Rabbit 

-64 

322 

1.0 

SC 

Rabbit 

8%  COz 

-65 

323 

Ethylguanidine  HCl 

10.0 

SC 

Rabbit 

Urethane 

168 

+  21 

324 

Ethylmorphine  HCl 

0.5-20.0 

SC 

Rabbit 

-18(+2to-23) 

325 

0.5-20.0 

SC 

Rabbit 

8%  COz 

-14(0to-32) 

326 

Glycerine 

20% 

Aerosol 

Man 

7 

+  133 

327 

Guanidine  HCl 

20 

SC 

Rabbit 

Urethane 

+8 

328 

Hexobarbital 

60 

IV 

Dog 

14 

0 

329 

Histamine 

1% 

Aerosol 

Man 

7 

-55 

3  30 

Hordenine  sulfate 

0.6-1.2 

rv 

Cat,  dog 

Anesthetized 

0 

331 

1-3- Hydroxy- N-allyl- 

0.0108 

IV 

Man 

332 

morphinan 

1.0-4.0 

IV 

Rabbit 

333 

10.0 

IV 

Rabbit 

334 

Hydroxycodeinone  HCl 

0.05-3.0 

SC 

Rabbit 

+  5(-0.5to+14) 

335 

0.05-3.0 

SC 

Rabbit 

6-10%  COz 

-l(+6to-9) 

336 

1-3-Hydroxy-N- 

0.054 

IV 

Man 

10 

-2 

337 

methylmorphinan 

0.5-1.0 

IV 

Rabbit 

Pentobarb. 

338 

3- Hydroxy- N- methyl - 

5  mg 

IM 

Man 

11 

-25 

339 

morphinan 

5  mg 

IM 

Man 

COz 

-17 

340 

hydrobroraide 

7.5  mg 

IM 

Man 

-6 

341 

7.5  mg 

IM 

Man 

COz 

-4 

342 

0.5 

IV 

Rabbit 

-12 

343 

1.0 

IV 

Rabbit 

-48 

344 

2.0 

IV 

Rabbit 

-76 

345 

1.5-20.0 

IV 

Rabbit 

Local  anesth. 

-83 

2- Hydroxy 

346 

phenanthrene 

300 

Oral 

Cat 

40 

-8 

3-Hydroxy 

347 

phenanthrene 

300 

Oral 

Cat 

41 

-3 

/I/  Expired. 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

PCO2 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/min 

% 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(U 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

-16(-10to-23) 

52 

293 

+1 

52 

294 

-14(-llto-22) 

52 

295 

671 

+44 

4.58 

-8 
+73 

3.35 

-5 

+32 

+37 

+90 

+23 

-15 

+13 

+  134 

+67 

16 
53 
52 
52 
52 
52 
52 
52 
52 

296 
297 
298 
299 
300 
301 
302 
303 
304 

0.816 

-48 

54 

305 

2.70 

-15 

54 

306 

5 

307 

218 

-31 

5.25 

+65 

127 

+27 

56 

308 

55 

309 

0 

0 

44 

310 

44 

311 

2 

312 

2 

313 

2 

314 

2 

315 

_ 

_ 

44 

316 

-6 

+  3(+2to-7) 

10 

317 

-8 

10 

318 

-30 

-7 

10 

319 

-44 

10 

320 

-50 

-22 

10 

321 

-71 

10 

322 

5 

323 

-6(  +  5to-15) 

+  10(+3to+15) 

28 

324 

-14(+5to-33) 

28 

325 

818 

-34 

5.20 

+44 

-20 

15.16 

326 

5 

327 

239 

-23 

3.34 

-23 

29 

328 

995 

+67 

5.53 

-22 

3.82 

-8 

16 

329 

- 

- 

44 

330 

-9 

57 

331 

-11 

59 

332 

+58 

59 

333 

+  5 

+13(+2to+27) 

4 

334 

0 

4 

335 

694 

-31 

6.6 

-32 
-70 

57 
58 

336 
337 

516 

+7 
-30 

5.5 

-20 
-50 

45I 

+4' 
-9I 

60 
60 

338 

339 

+  11 

+2 

68 1 

+  151 

60 

340 

-20 

-35 
-28 
-48 
-63 

+4I 

60 
61 
61 
61 
62 

341 
342 
343 
344 
345 

2 

346 

2 

347 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate 

Drug 

Control                 Drug 

breaths  /  min 

% 

<A) 

(B) 

(C) 

(D) 

<E) 

(F) 

(G) 

6-Hydroxy-tetra- 

348 

hydroisoquinoline 

0.04-4.1 

IV 

Cat,  dog 

Anesthetized 

- 

349 

Isocodeine  acid 

3.0-10.0 

sc 

Rabbit 

-15 

350 

tartrate 

3.0-10.0 

sc 

Rabbit 

COz 

-16 

351 

15.0-50.0 

sc 

Rabbit 

-50 

352 

15.0-50.0 

sc 

Rabbit 

COz 

-44 

353 

Isopropyl  dihydro- 

0.05-0.2 

sc 

Rabbit 

-13 

354 

morphinone  HCl 

0.05-0.2 

sc 

Rabbit 

8%  COz 

-10 

355 

0.5-2.0 

sc 

Rabbit 

-41 

356 

0.5-2.0 

sc 

Rabbit 

8%  COz 

-41 

357 

Isopropylepinephrine 

0.5-10.0% 

Aerosol 

Man 

9 

-62 

5-  Isopropyl-  3-  methyl- 

358 

2- cyclohexen- 1 - one 

200  mg 

IM 

Man 

359 

Lobelin 

0.1% 

Aerosol 

Man 

9 

-67 

360 

10  rag 

sc 

Man 

17 

+  12 

361 

Meperidine  HCl 

100  mg 

IV 

Man 

+  15 

362 

150  mg 

IV 

Man 

12 

+8 

363 

75 

sc 

Dog 

30 

-60 

364 

Methadone 

1.25  mg 

sc 

Man 

365 

2.50  mg 

sc 

Man 

366 

5.00  mg 

sc 

Man 

367 

7.50  mg 

sc 

Man 

6-  Methoxy-7  -  ethoxy- 

tetrcihydro- 

368 

isoquinoline 

0.6-2.4 

IV 

Cat,  dog 

Anesthetized 

- 

369 

Methoxymethyl- 

0.05-1.0 

sc 

Rabbit 

-5(+lto-12) 

370 

dihydromorphine  HCl 

0.05-1.0 

sc 

Rabbit 

8%  C02 

-4(+2to-H) 

371 

3.0-20.0 

sc 

Rabbit 

-24 

372 

3.0-20.0 

sc 

Rabbit 

8%  C02 

-24 

373 

2-Methoxy 

200 

Oral 

Cat 

-16 

374 

phenanthrene 

300 

Oral 

Cat 

+3 

375 

3-Methoxy 

300 

Oral 

Cat 

-7 

376 

phenanthrene 

400 

Oral 

Cat 

+  3 

6-  Methoxy-  tetrahydro- 

377 

isoquinoUne 

0.6-5.3 

IV 

Cat,  dog 

Anesthetized 

- 

N-  Methyl-  6,7-  diethoxy 

tetrahydro- 

378 

isoquinoline 

0.5-1.4 

IV 

Cat,  dog 

Anesthetized 

- 

379 

Methyldihydrocodeine 

0.3-10.0 

sc 

Rabbit 

-l((+17to-ll) 

380 

HCl 

0.3-10.0 

sc 

Rabbit 

8%  COz 

-2(-10to+8) 

381 

Methyldihydro- 

0.3-5.0 

sc 

Rabbit 

-19(-8to-34) 

382 

codeinone 

0.3-5.0 

sc 

Rabbit 

8%  COz 

-19 

383 

10.0 

sc 

Rabbit 

-24 

384 

10.0 

sc 

Rabbit 

8%  COz 

-20 

385 

Methyldihydro 

0.2 

sc 

Rabbit 

-10 

386 

codeinone  enol 

0.2 

sc 

Rabbit 

8%  COz 

-4 

387 

acetate 

0.5-10.0 

sc 

Rabbit 

-23 

388 

0.5-10.0 

sc 

Rabbit 

8%  COz 

-19 

389 

Methyldihydro- 

0.2-5.0 

sc 

Rabbit 

-17 

390 

morphine  HCl 

0.2-5.0 

sc 

Rabbit 

8%  COz 

-10 

391 

10.0-20.0 

sc 

Rabbit 

-48 

392 

10.0-20.0 

sc 

Rabbit 

8%  COz 

-42 

393 

Methyldihydro- 

4.0 

sc 

Dog 

33 

+  12 

394 

raorphinone  HCl 

0.01 

sc 

Rabbit 

-4 

395 

0.01 

sc 

Rabbit 

8%  COz 

-4 

396 

0.03-0.3 

sc 

Rabbit 

-27 

397 

0.03-0.3 

sc 

Rabbit 

8%  COz 

-21 

398 

0.5 

sc 

Rabbit 

-52 

399 

0.5 

sc 

Rabbit 

8%  COz 

-57 

400 

1.0 

sc 

Rabbit 

-76 

401 

1.0 

sc 

Rabbit 

8%  COz 

-78 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption                 pCOz           „ 

Control 

Drug 

Control 

Drug 

Control  1         Drug 

Control]          Drug            Control  iDrug     ^J^^ 

cc 

% 

L/min 

% 

L/min 

% 

cc  /min 

%              |mm  Hg       % 

(H) 

(I) 

(J)      1            (K) 

(L) 

(M) 

(N) 

(O)                  (P)      ;  (Q)  :      (R) 

_ 

. 

'44 

348 

-3(+4to-8) 

-18 

-3(0to-8) 

7 

349 

-4(+6to-ll) 

-18 

7 

350 

+30 

-36 

-7(0to-14)         1 

7 

351 

-6(0to-ll) 

-45 

|7 

352 

-2 

+4(+9to-5)                           1            jlO 

353 

-13 

|10 

354 

-29 

-13 

10 

355 

-48 

1 

10 

356 

663 

+  141 

5.51 

-23 

3.85 

-3 

16 

357 

234 

+3 

47 

358 

875 

+43 

7.87 

-5 

15 

359 

301 

+  18 

5.12 

+  31 

63 

360 

-75 

-75 

65 

361 

519 

-18 

6.15 

-10 

66 
67 

362 
363 

+4 

39 

364 

+20 

39 

365 

+43 

39 

366 

-12 

1 

39 

367 

44 

368 

-3(+16to-5) 

+6 

28 

369 

-3(+4to-I7) 

1 

28 

370 

-18 

+  5 

28 

371 

-25 

28 

372 

2 

373 

2 

374 

2 

375 

2 

376 

_ 

_ 

44 

377 

44 

378 

-l(+9to-7) 

+2(-3to+7) 

10 

379 

-3(+15to-12) 

10 

380 

-9 

+2(-5to+7) 

1 

10 

381 

-21 

10 

382 

+2 

+  17 

10 

383 

+83 

10 

384 

-5 

-1 

10 

385 

-6 

10 

386 

-16 

0(+8to-10) 

10 

387 

-22 

10 

388 

-5 

+3 

10 

389 

-10 

10 

390 

-39 

-16 

10 

391 

-47 

10 

392 

64 

393 

0 

+16 

10 

394 

-5 

10 

395 

-18 

-4 

10 

396 

-23 

10 

397 

-41 

-13 

10 

398 

-62 

10 

399 

• 

-57 
-76 

-29 

10 
10 

400 
401 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Adrainistration 

Species 

Premedication 

Respiratory  Rate            | 

Drug 

Control 
breaths /rain 

Drug 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

N-Methyl-5,6-di- 

hydroxy  tetrahydro- 

402 

isoquinoline 

0.6-3.5 

IV 

Cat,  dog 

Anesthetized 

- 

N-Methyl-6.7-di- 

hydroxy  tetrahydro- 

403 

isoquinoline 

0.05-3.8 

IV 

Cat,   dog 

Anesthetized 

- 

N-Methyl-5,  fe-di- 

methoxy  tetrahydro- 

404 

isoquinoUne 

0.7-3.9 

IV 

Cat,  dog 

Anesthetized 

- 

N-Methyl-6,7-di- 

methoxy  tetrahydro- 

405 

isoquinoline 

0.7-3.9 

rv 

Cat,  dog 

Anesthetized 

- 

N-  Methyl-  5-  ethoxy-6- 

methoxy  tetrahydro- 

406 

isoquinoline 

0.7-1.3 

IV 

Cat,  dog 

Anesthetized 

- 

N-Methyl-6-ethoxy-7- 

methoxy  tetrahydro- 

407 

isoquinoline 

0.9-1.3 

IV 

Cat,  dog 

Anesthetized 

- 

408 

Methylguanidine  HCl 

5.0 

SC 

Rabbit 

Ur  ethane 

66 

+9 

N-  Methyl-  fa-hydroxy 

tetrahydro- 

409 

isoquinoline 

0.6-3.2 

IV 

Cat,  dog 

Anesthetized 

- 

N-  M  ethyl-  6-  methoxy- 

7-ethoxy  tetrahydro- 

410 

isoquinoline 

0.9-1.5 

IV 

Cat,  dog 

Anesthetized 

- 

N-  Methyl-  6-  methoxy- 

tetrahydro- 

411 

isoquinoline 

0.6-3.5 

rv 

Cat,  dog 

Anesthetized 

- 

N- Methyl- tetrahydro- 

412 

isoquinoline 

0.5-9.5 

rv 

Cat,   dog 

Anesthetized 

- 

413 

Monoacetyl- 

0.1-1.0 

SC 

Rabbit 

-34 

414 

dihydromorphine  HCl 

O.l-I.O 

SC 

Rabbit 

C02 

-27 

415 

2.0-10.0 

SC 

Rabbit 

-76 

416 

2.0-10.0 

SC 

Rabbit 

COz 

-78 

417 

Monoacetyl-a-iso- 

0.0005-0.01 

SC 

Rabbit 

-5 

418 

morphine  HCl 

0.0005-0.01 

SC 

Rabbit 

8%C02 

+4 

419 

0.02-0.05 

SC 

Rabbit 

-14 

420 

0.02-0.05 

SC 

Rabbit 

8%  CO2 

-U 

421 

0.1-0.2 

SC 

Rabbit 

-42 

422 

0.1-0.2 

SC 

Rabbit 

8%  CO2 

-37 

423 

0.5-2.0 

SC 

Rabbit 

-67 

424 

0.5-2.0 

SC 

Rabbit 

8%  CO2 

-71 

425 

Monoacetyl- 

0.01-0.3 

SC 

Rabbit 

-31 

426 

morphine  HCl 

0.01-0.3 

SC 

Rabbit 

CO2 

-23 

427 

0.5-10.0 

SC 

Rabbit 

-82 

428 

0.5-10.0 

SC 

Rabbit 

CO2 

-85 

429 

Morphine  sulfate 

16.2  mg 

Oral 

Man 

430 

10.0  rag 

SC 

Man 

431 

10.0  mg 

SC 

Man 

CO2 

432 

0.5 

rv 

Man 

-33 

433 

10.0  rag 

rv 

Man 

-9(-lto-15) 

434 

10.0  rag 

rv 

Man 

CO2 

435 

15.0  mg 

rv 

Man 

5%  CO2 

436 

15.0-60.0  rag 

IV 

Man 

-2(+4to-5) 

437 

75.0-90.0  mg 

IV 

Man 

-17 

438 

5.0 

rv 

Rat 

-47 

439 

6.0 

IV 

Rabbit 

Anesthetized 

440 

4.0-32.0 

IV 

Rabbit 

-60 

441 

0.5 

IV 

Rabbit 

442 

5.0-40.0 

SC 

Rabbit 

-79 

443 

0.1-0.5 

SC 

Rabbit 

-9 

444 

0.1-0.5 

SC 

Rabbit 

CO2 

-11 

/l/AlveoUr.    / 2/  Arterial. 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  rag/kg,    unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

02  Consumption 

pCOz 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control            Drug 

Control 

Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/min                % 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

44 

402 

44 

403 

44 

404 

44 

405 

0 

44 

406 

44 

407 

5 

408 

0 

44 

409 

0 

44 

410 

44 

411 

_ 

_ 

44 

412 

+24 

-20 

-2 

45 

413 

-3 

-28 

45 

414 

+74 

-66 

-24 

45 

415 

0(+26to-27) 

-81 

45 

416 

+  3 

+  1 

3 

417 

+8 

3 

418 

-9 

+  1 

3 

419 

-11 

3 

420 

-30 

-12 

3 

421 

-39 

3 

422 

-57 

-17 

3 

423 

-76 

3 

424 

+22 

-18 

-2 

45 

425 

0 

-23 

45 

426 

+79 

-70 

-ll(+19to-31) 

45 

427 

+8 

-84 

45 

428 

-18 

-5 

14 

429 

-23 

40.42 

430 

-23 

42 

431 

-28 

31 

432 

-19 

-9 

65.66 

433 

-30 

-20 
-27 

+71 

23.65 
23 

434 
435 

-14 

-18(-1  to-28) 

-23(+l  to-36) 

-3(  +  10to-7) 

+  102 

21 

436 

-13 

-35 
-60 
-68 
-54 
-20 

-40 

-6 

+202 

21 

70 

58 

59.61 

69 

437 
438 
439 
440 
441 

+61 

-73 

6,14 

442 

+  5 

-6 

+6 

41 

443 

+  1 

-10 

41 

444 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate             1 

Drug 

Control 
breaths /min 

Drug 
% 

<A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

445 

Morphine  sulfate 

0.75-3.0 

SC 

Rabbit 

-43 

446 

(concluded) 

0.75-3.0 

SC 

Rabbit 

COz 

-42 

447 

5.0-10.0 

SC 

Rabbit 

-55 

448 

5.0-10.0 

SC 

Rabbit 

C02 

-63 

449 

Nalorphine  HCl 

1.0-5.0  mg 

rv 

Man 

-10 

450 

10.0  mg 

IV 

Man 

-3(+12to-18) 

451 

5.0  mg 

IV 

Man 

5%  C02 

452 

2.0  mg 

IV 

Man 

11 

-6 

453 

2.0  mg 

IV 

Man 

100%  Oz 

12 

-5 

454 

2.0  mg 

IV 

Man 

2.8%  C02 

13 

-1 

455 

2.0  mg 

IV 

Man 

4.3%  C02 

15 

-9 

456 

30.0 

IV 

Dog 

Pentobarb. 

+80 

457 

Neutral  red 

0.1 

IV 

Rabbit 

Pentobarb. 

+  1 

458 

(2- Methyl,  3-amino, 

0.5 

IV 

Rabbit 

and 

+41 

459 

6-dimethylamino- 
phenazine  HCl 

1.0-10.0 

IV 

Rabbit 

ur  ethane 

+  37 

460 

Neutral  violet 

0.1-2.0 

IV 

Rabbit 

Pentobarb. 

+4 

461 

(2-Diraethylanilino, 
amino,  3-amino,  6- 
dimethyl  araino- 
phenazine  HCl 

5.0-10.0 

rv 

Rabbit 

and 
urethane 

-5(+7to-l6) 

462 

Nikethamide 

250.0  mg 

SC 

Man 

463 

7.5 

IM 

Man 

Morphine 

+26 

464 

Norepinephrine 

20  Hg 

IV 

Man 

465 

p- Oxybutyrate  sodium 

lOccO.lO  N 

rv 

Rabbit 

Urethane 

+  1 

466 

p-Oxybutyric  acid 

20cc0.15  N 

rv 

Rabbit 

Urethane 

+28 

467 

lOccO.lO  N 

IV 

Rabbit 

Urethane 

+  18 

468 

20cc0.10  N 

IV 

Rabbit 

Urethane 

+22 

469 

Oxygen 

100% 

Inhaled 

Man 

+7 

470 

33% 

Inhaled 

Man 

471 

8-100% 

Inhaled 

Man 

- 

472 

Papaverine  HCl 

0.4-1.0 

IV 

Cat,   dog 

Anesthetized 

± 

47  3 

Pentobarbital  sodium 

10.0 

IP 

R.  monkey 

43 

-5 

474 

30.0 

IV 

Dog 

475 

35.0 

IP 

Cat 

2%  COz 

-38 

476 

35.0 

IP 

Cat 

4-8%  COz 

-37 

477 

200 

SC 

Rabbit 

-56 

47  8 

5.0 

IV 

Rabbit   fetus 

-54 

479 

10.0 

IV 

Rabbit  fetus 

-62 

480 

Pentylenetetrazol 

7-100  mg 

SC 

Man 

481 

100  mg 

SC 

Man 

482 

10% 

Aerosol 

Man 

+  150 

483 

5.0 

IM 

Man 

Morphine 

+  50 

484 

5.0-7.0 

IV 

Dog 

Alcohol 

+4500 

485 

Peptone 

20% 

Aerosol 

Man 

+  59 

486 

Phenobarbital 

3.1-8.0 

Oral 

Man 

10 

+  6 

487 

Phenyldihydro- 

0.01-0.05 

SC 

Rabbit 

-7 

488 

morphinone  HCl 

0.01-0.05 

SC 

R^ibbit 

8%  COz 

-1 

489 

0.1-0.2 

SC 

Rabbit 

-13 

490 

0.1-0.2 

SC 

Rabbit 

8%  COz 

-16 

491 

0.5-1.0 

SC 

Rabbit 

-45 

492 

0.5-1.0 

SC 

Rabbit 

8%  COz 

-42 

493 

2.0 

SC 

Rabbit 

-72 

494 

2.0 

SC 

Rabbit 

8%  COz 

-73 

Phenyl-  methyl- 

495 

aminopropane 

5% 

Aerosol 

Man 

6 

-61 

496 

Phosgene 

1.38  rag 

IV 

R.  monkey 

-23 

/I/  Arterial.    /2/ Alveolar. 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

pCOz 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control           Drug 

Control  Drug 

cc 

% 

L/min 

% 

L/min 

% 

cc/min                % 

mm  Hg 

% 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N)      !            (O) 

(P) 

(Q) 

(R) 

+  23 

-32 

0 

41 

445 

+  1 

-41 

41 

446 

+  20 

-46 

-9 

41 

447 

-20 

-70 

41 

448 

-30 

-28 

-32 

+  33 

+6'      21 

449 

-36{-15to-58) 

-45(-48to-42) 

-44 

+  54 

+  I4I 

21.22 

450 

-25 

23 

451 

552 

+  3 

6.3 

-3 

24 

452 

520 

+2 

6.3 

-3 

24 

453 

1031 

-25 

13.1 

-26 

24 

454 

1246 

-25 
-5 

18.7 

-31 
+  160 

1 
+27 

24 
25 

455 
456 

0 

17 

457 

+  3 

17 

458 

-22 

17 

459 

+  5 

17 

460 

+8(-6to  +  17) 

17 

461 

+  1 

|47 

462 

+  10 

+  38 

1 

31 

463 

+49 

1+8 

i 

53 

464 

+  2 

+4 

-2' 

1 

465 

+35 

+  80 

-lOl 

1 

466 

+  21 

+43 

i                                                   -lOl 

1 

467 

+46 

+79 

!              :         +61 

1 

468 

+  10 

+  12(+7to  +  l6) 
-8 

+ 

1 

i 

+  1I 
+  l2 

36,71,72 

73 

74 

469 
470 
471 

± 

± 

1 

44 

472 

60 

-5 

2.64 

-10 

75 

473 

+47 1 

76 

474 

-17 

-48 

37 

475 

-49 

-68 

37 

476 

+42 

-38 

6 

77 

77 

477 
478 
479 

-7 

264 

-5 

39 
47 

480 
481 

+  106 

+415 

15 

482 

-16 

+26 

31 

68 

483 
484 

-34 

+  5 

15 

485 

+4(-7to+14) 

11 

486 

-3 

-0.5 

10 

487 

0 

10 

488 

-4 

+6 

10 

489 

-16 

10 

490 

-32 

-5 

10 

491 

-45 

10 

492 

-56 

-26 

10 

493 

-76 

10 

494 

713 

+  129 

4.48 

-14 

2.85 

+  14 

16 

495 

-33 

-51 

75 

496 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate             | 

Drug 

Control 
breaths /min 

Drug 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

497 
498 
499 

500 

Picrotoxin 

0.3 
0.6 
0.7 

0.7 

IV 
IV 
IV 

IV 

Dog 
Cat 
Cat 

Cat 

Phenobarb. 
Phenobarb. 
Phenobarb.  and 

morphine 
Chlorbutanol 

-13 
+6 
+  10 

+7 

501 

Pilocarpine 

5.3% 

Aerosol 

Man 

53 

+  190 

502 

Ac-2,    2-Piperidino 
methyltetra-hydro- 
naphthol  HCl 

100 

SC 

Rabbit 

44 

+  27 

503 

Piperidione 

105  mg 

Oral 

Man 

1 

504 
505 

Piperoxan  HCl 
(F-933) 

20% 
0.1-30% 

Aerosol 
Aerosol 

Man 

Man 

8.5 
9.5 

+76 
-9 

506 
507 
508 
509 
510 

Placebo 

2  cc 
2  00 
2  cc 
2  cc 
H2O 

IV 
IV 
SC 
SC 
Aerosol 

Man 
Man 
Man 
Man 
Man 

5%  CO2 

12 

+9 
+  16 

511 

Prisilidene  HCl 

60  mg 

SC 

Man 

-15 

512 
513 
514 
515 

Probarbital  sodium 

100  rag 
200  mg 
300  rag 
400  rag 

Oral 
Oral 
Oral 
Oral 

Man 
Man 

Man 
Man 

+  37 
+  12 
-11 
+  18 

516 
517 

Procaine 

1% 
2% 

Aerosol 
Aerosol 

Man 
Man 

6 
6 

-58 
-29 

518 
519 
520 
521 
522 
523 

Pseudocodeine  HCl 

20.0-40.0 

20.0-40.0 

60.0-80.0 

60.0-80.0 

100.0-300.0 

100.0-300.0 

SC 
SC 
SC 
SC 

SC 
SC 

Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 

CO2 
CO2 
CO2 

0 

+4 
-4 
-4 

-15 
-20 

524 
525 

Pyribenzamine 

10  mg 
100  mg 

IV 
IV 

Dog 
Dog 

Pentobarb. 
Pentobarb. 

+60 

526 
527 

Pyruvic  acid 
cyanohydrin 

0.15  cc 

0.1  M/kg 
0.15  cc 

0.1  M/kg 

IV 
IV 

Dog 
Cat 

Pentobarb. 
Phenobarb. 

+48 
+  50 

528 

Scopolamine 

0.65  mg 

Oral 

Man 

529 

Seconal  sodium 

300  mg 

Oral 

Man 

20 

-3 

530 

Sodium  acetate 

lOccO.l  N 

rv 

Rabbit 

Urethane 

0 

531 
532 

Sodium  nitrite 

1-10% 

Aerosol 

Man 

-41 

Sodium  phosphate 

10% 

Aerosol 

Man 

13 

-35 

533 
534 
535 
536 
537 

Sodium  salicylate 

2g 
2g 
3g 
3g 

100  g 

IV 
IV 

Oral 
Oral 

IV 

Man 
Man 
Man 
Man 
Dog 

3-5%  CO2 

3-5%  CO2 
Pentobarb. 

8 
10 

+  1 
+  12 
+  17 
+  30 
+25 

538 

Strychnine  nitrate 

1-2  mg 

SC 

Man 

539 

Tetrahydro- 

isoquinoUne  HCl 

0.55-4.8 

rv 

Cat,  dog 

Anesthetized 

_ 

540 
541 
542 
543 
544 
545 

Thiopental 

500  mg 

20-30 

40 

100 

20 

20 

IV 
IV 

rv 

IV 
IV 
IV 

Dog 

Dog 

Dog 

Monkey 

Cat 

Rabbit 

-45 
-80 
+76 
-82 
-75 

546 

Tribromoethanol 

710  mg 

Rectal 

Rabbit 

-50 

547 

Trichloroacetaldehyde 

500-1000 

SC 

Rabbit 

-19 

548 

Triphenylguanidine  HCl 

2 

SC 

Rabbit 

Urethane 

+9 

/!/  Arterial.    /2/  Alveolar. 
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MAN  AND  LABORATORY  ANIMALS  (Continued) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

Oz  Consumption 

pCOz 

Refer- 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

Control 

Drug 

cc 

% 

L/rain 

% 

L/min 

% 

cc/min 

% 

mm  Hg 

7o 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

+  15 

+  1 

79 

497 

+24 

+32 

79 

498 

+23 

+35 

79 

499 

+  59 

+70 

79 

500 

821 

-47 

4.28 

+44 

3.07 

+7 

16 

501 

13 

-8 

0.576 

+  16 

32 

+  50 

46 

502 

-7 

39 

503 

900 

-9 

7.65 

+62 

15 

504 

661 

+32 

6.22 

-5 

4.36 

-2 

16 

505 

-9 

+  1.5(  +  1  to+2) 

-3 

-1 

-5 

23.66 
40 
42 
42 

506 
507 
508 
509 

-11 

-2 

-3 

16 

510 

-30 

-35 

65 

511 

-8 

11 

512 

+  2 

11 

513 

-16 

11 

514 

-6 

11 

515 

725 

+52 

4.35 

-37 

15 

516 

848 

+  104 

4.62 

-20 

3.25 

-7 

16 

517 

-1 

-1 

-2 

7 

518 

+  1 

+5 

7 

519 

-3 

-6 

+  5 

7 

520 

0 

-4 

7 

521 

-2 

-18 

-7 

7 

522 

-13 

-32 

7 

523 

-14 

+  37 
+82 

26 
26 

524 
525 

+  13 

+66 

80 

526 

+48 

+  120 

80 

527 

+  14 

+2 

14 

528 

55 

529 

-5 

-4 

oi 

1 

530 

+56 

-15 

+  2 

15,16 

531 

+74 

+  13 

15 

532 

6.33 

+  15 
+  15 
+  18 
+25 

239 

+  10 

40.9^ 

-hi- 

-42 
-72 
-72 

81 
81 
81 
81 

533 
534 
535 
536 

2.01 

+65 

127 

+70 

-81 

81 

537 

245 

0 

47 

538 

0 

. 

44 

539 

-42 

+292 

82 
83 
83 
83 
83 
83 

540 
541 
542 
543 
544 
545 

33 

546 

-16 

6 

547 

5 

548 
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131.    EFFECT  OF  DRUGS  ON  PULMONARY  FUNCTION: 
Drug  response  is  expressed  in  %  increase  or  decrease  from  the  control 


Dose 

Mode  of 
Administration 

Species 

Premedication 

Respiratory  Rate            | 

Drug 

Control 
breaths /rain 

Drug 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

549  (d-Tubocurarine 
550 

0.23 
0.11 

IV 
IV 

Man 
Man 

Cyclopropane 
Ether 

551     Urethane 
552 

1000 
1000 

IP 
IP 

Cat 
Cat 

2-8%  COz 

0 

[+9(+6to  +  15) 
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MAN  AND  UVBORATORY  ANIMALS  (Concluded) 

value  (100%).    Dose  is  expressed  in  mg/kg,   unless  otherwise  indicated. 


Tidal  Volume 

Minute  Volume 

Alveolar  Ventilation 

O2  Consumption 

pCOz 

Control 
cc 

Drug 

% 

Control 

L/min 

Drug 
% 

Control  i         Drug 
L/min               % 

Control 
cc/min 

Drug 
% 

Control 
mm  Hg 

Drug 
% 

ence 

(H) 

(I) 

(J) 

(K) 

(L)                (M) 

(N) 

(O) 

(P) 

(Q) 

(R) 

-70 
-70 

78 
78 

549 
550 

-13 

-13 
-15 

37 
37 

551 
552 
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132.    RESPIRATORY  ACTION  OF  DRUGS  INFLUENCING  AFFERENT  END-ORGANS:    CAT,  DOG.  RABBIT 

Drugs  influencing  baroreceptors  have  not  been  included  in  this  table. 

i.v.  =  intravenous;  i.e. a.  =  intracarotid  artery;  i.c.b.a.  =  intracarotid-body  artery;  rt.at.  =  right  atrium. 


Drug  Group 

Drug 

Test 
Animal 

Dose  and  Route 

End- organ 
Response 

Respiratory 
Response 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Drugs  Influencing 

Carotid-body  Chemoreceptors 

1 

Ganglionic 
stimulants 

Nicotine 

Dog 

0.1-0.2  mg  i.c.a. 

Stimulation 

1 

2 

Cat 

0.1  mg  i.v. 

Stimulation 

2 

3 

Lobe  line 

Dog 

0.5  rag  i.c.a. 

Stimulation 

1 

4 

Cat 

1  mg  i.v. 

Stimulation 

2 

5 

Acetylcholine^ 

Dog 

0.1-0.5  mg  i.c.a. 

Stimulation 

3 

6 

Cat 

2-10  |ig  i.c.b.a. 

Stimulation 

4,  5 

7 

Metabolic 

inhibitors  and 
stimulants 

Potassium  cyanide 

Dog 

1  -2  mg  i.c.a. 

Stimulation 

1 

8 

Cat 

0.02%  infused  i.v. 

Stimulation 

Stimulation 

2 

9 

Sodium  sulfide 

Dog 

1-2  mg  i.c.a. 

Stimulation 

1 

10 

2,  4-Dinitrophenol5 

Dog 

0.4  mg  i.c.a. 

Stimulation 

6 

11 

Cat 

0.4  mg  i.c.a. 

Stimulation 

7 

12 

Mono-iodoacetic  acid 

Dog 

3-7  X  10-4%  perfused^ 

Stimulation 

8 

13 

Sodium  mono-iodo-acetate 

Cat 

2.0  mg  i.c.a. 

Stimulation 

4 

14 

Adenosine  triphosphate 

Dog,   cat 

1-  10  mg  i.c.a. 

Stimulation 

7 

lb 

Ions 

Potassium  (chloride) 

Dog,   cat 

1.2-10  mg  i.v. 

Stimulation 

9,16 

16 

Cat 

20-200  ^g  i.c.a. 

Stimulation 

Stimulation 

7 

17 

Citrate  (sodium) 

Cat 

12.5-25  mg  i.c.a. 

Stimulation 

Stimulation 

7 

18 

Veratrum 
alkaloids 

Veratridine^ 

Dog 

1-2  Jig  i.c.a. 

Stimulation 

11 

19 

Veratrine 

Cat 

10-40  Jig  i.c.a. 

Stimulation 

7 

20 

Anticholines- 
terases 

Eserine  salicylate" 

Cat 

50-500  Jig  i.c.a. 

Stimulation 

12 

21 

Neostigmine  HCl 

Dog 

0.1-1  mg  locally 

Stimulation 

13 

22 

Cat 

0.25  mg  i.c.a. 

Stimulation 

12 

23 

Tetra-ethylpyro  PO4 

Cat 

0.2  mg  i.c.a. 

Stimulation 

12 

24 

Diisopropoxyphosphonyl- 
fluoride 

Cat 

0.1  mg  i.c.a. 

Stimulation 

12 

25 

Miscellaneous 

Caffeine ' 

Cat 

1.8  mg  i.c.b.a. 

Stimulation 

4 

26 

Coniine 

Cat 

0.05  mg  i.v. 

Stimulation 

14 

27 

Ethyl  alcohol"' 

Cat 

18-76  mg  i.c.a. 

Stimulation 

15 

28 

Homo-isomuscarine 

Dog 

10  mg/kg  i.v. 

Stimulation 

16 

29 

5-Hydroxytryptamine' ' 

Dog 

50-100  |jig  i.v. 

Stimulation 

17 

30 

Isolobinine 

Dog 

10  |ig/kg  I.v. 

Stimulation 

18 

31 

Papaverine 

Cat,   dog 

0.25-  1  mg  i.c.a. 

Stimulation 

19 

32 

Phenyl  diguanide   " 

Dog 

10  ng/kg  iv 

Stimulation 

Stimulation 

20 

33 

Piperidine  HCl 

Cat 

0.  3-  1  mg  i.v. 

Stimulation 

Stimulation 

21 

34 

Tetramethylcimmonium 
iodide' 3 

Cat 

1:10,  000  perfused^ 

Stimulation 

14 

35 

Tetra-ethylammoniura 
chloride 

Cat 

0.5-1.0  mg  i.c.a. 

22 

36 

Hexamethonium 

Cat 

0.25-0.5  mg  i.c.a. 

tion 

22 

37 

Pendiomide'"* 

Cat 

0.25-0.5  mg  i.c.a. 

22 

38 

Pentamelhonium 

Cat 

0.25-0.5  mg  i.c.a. 

22 

Drugs  Influencing 

Pulmonarj 

>  Stretch  Receptors'-" 

39 

Veratrum 
alkaloids 

Veratrine 

Rabbit 

50-100  jig/kg 

Stimulation 

23 

40 

Veratridine 

Cat 

5-10  ng/kg  i.v. 

Stimulation 

Apnea 

24 

41 

Gerraitrine,   germerine, 
and  neogermitrine 

Cat 

26-400  Jig  i.v. 

Stimulation 

25 

42 

Veriloid 

Cat,   dog 

10-20  jig/kg     i.v. 

Stimulation 

Apnea 

26 

43 

Volatile 

anesthetics 

Trichlorethylene 

Cat 

0.5-2%  inhaled'" 

Sensitiza- 
tion'^ 

Rapid, 
shallow 

27 

44 

Chloroform 

Cat 

1%  inhaled 

27 

45 

Ethyl  ether 

Cat 

10%  inhaled 

27 

46 

Divinyl  ether 

Cat 

4%  inhaled 

Sensitiza- 
tion'7 

27 

/I/  Also  a-  and  p-nicotine,  0.1-0.3  mg  i.c.a.  in  dogs,  and  other  nicotine  derivatives  (  33,34].    /2/  Also  many  other 
choline  derivatives  [  5,35-37].    /3/  Also  2,4-dinitrocresol  and  p-nitrophenol,  0.4  mg  i.c.a.  in  dogs  [  6].   /4/  Isolated 
perfused  carotid  sinuses  and  bodies.   /5/ Doses  possibly  excessive  [  43].   /6/ Somewhat  controversial  [  13].   / 7/ Probably 
also  theophylline  (1.5  mg  i.c.b.a.)  and  theobromine  (l  mg  i.c.b.a.)  in  cats  [4].    /8/  Also  cytisine  (0.2  mg  i.v.)  and 
anabasine  in  cats  [  14].    /9/  Also  acetone,  ethyl  ether  and  chloroform,  and  various  alcohols  [  15].    /lO/  Also  acetyl- 
salicylamide  and  many  derivatives  of  both  substances  (  16,38].    /U/  Creatinine  SO4;  controversial  [  39].    /12/  Also 
2-Q-naphthyl  ethyl  isothiourea;  controversial  [  40).    /13/  Also  various  derivatives  [  35,41,42].    /4/  Tris(diethylamino- 
ethyl)amlne  tri  HCl.    /15/  Slowly  adapting  receptors  mediating  the  "Hering-Breuer  inflation  reflex."    /16/  Also  i.v. 
in  unspecified  dose.    /1 7/  Greater  concentrations  cause  inhibition. 
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132.    RESPIRATORY  ACTION  OF  DRUGS  INFLUENCING  AFFERENT 
END-ORGANS:    CAT,  DOG,  RABBIT  (Concluded) 

Drugs  influencing  baroreceptors  have  not  been  included  in  this  table. 

i.v.  =  intravenous;  i.e. a.  =  intracarotid  artery;  i.c.b.a.  =  intracarotid-body  artery;  rt.at.  =:  right  atrium. 


Drug  Group 

Drug 

Test 

Animal 

Dose  and  Route 

End- organ 
Response 

Respiratory 
Response 

Refer- 
ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Drugs  Influencing  Pulmonary  Stretch  Receptors  (Concluded)'^ 

47 

Volatile 

anesthetics 
(concluded) 

Cyclopropane 

Cat 

50%  inhaled 

Sensitiza- 
tion 

Slow, 
shallow 

27 

48 

Nitrous  oxide 

Cat 

80%  inhaled 

Sensitiza- 
tion 

27 

49 

Local 

anesthetics 

Novocaine 

Rabbit 

20-100  mg/kg  i.v. 

Inhibition 

Inspiration 
prolonged 

28 

50 

Diphenhydramine  HCl 

Cat.   dog 

6  rag/kg  i.v. 

Inhibition 

29 

Drugs  Influencing  Pulmonary 

Deflation  Receptors' ^ 

51 

Miscellaneous 

Phenyl  diguanide^ 

Cat 

50-100  jig/kg  rt.at. 

Sensitiza- 
tion 

Apnea  or 
rapid, 
shallow 

24,30 

52 

Nicotine^^ 

Cat 

25-100  ^g/kg  rt.at. 

30 

53 

5  -  Hyd  roxytryptam  ine  ^ ' 

Cat 

1-50  (ig/kg  rt.at. 

30,  31 

54 

Urethane 

Cat 

225  mg  rt.at. 

Sensitiza- 
tion 

30 

55 

Acetylcholine 

Cat 

175  (ig  rt.at. 

Sensitiza- 
tion 

30 

56 

2,o-Naphthyl  ethyl 
isothiourea^^'  " 

Cat, 

rabbit 

4-60  (ig/kg  i.v. 

Apnea 
followed 
by 

rapid, 
shallow 

24 

57 

Veratridine'^-'                 ,      ^ 

Rabbit 

5-10  jig/kg  i.v. 

24 

58 

Diphenhydramine  HCl"-^'" 

Cat,   dog, 
rabbit 

0.4-3  mg/kg  i.v. 

29,  32 

59 

Mepyraraine  maleate^^ 

Cat,   dog, 
rabbit 

5-10  mg/kg  i.v. 

29,32 

/I5/  Slowly  adapting  receptors  mediating  the  "Hering-Breuer  inflation  reflex,"    /1 8/  Possibly  responsible  for  the 
"Bering- Breuer  deflation  reflex"  and  the  "pulmonary  respiratory  chemo-reflex";  this  has  not  been  established  [43]. 
/19/  Probably  also  18  other  guanides  [44].    /20/  Sulphate.    /21/  Creatinine  SO4.    /22/  Also  13  other  isothioureas. 
/23/  Not  established  by  nervous  action- potential  records.    /24/  Also  20  similar  substances  in  dogs. 

Contributors:    (a)  Widdicombe,  J.  G..  (b)  Loew,  E.  R. 

References:    [  1]  Heymans,  C,  Bouckaert,  J.  J.,  and  Dautrebande,  L.,  Arch,  internat.  pharm.  dyn.,  Par.  40:54,  1931. 

[  2]  Von  Euler,  U.  S.,  LUjestrand,  G.,  and  Zotterman,  Y.,  Skand.  Arch.  Physiol.,  Berl.  ^:132,  1939.    [  3)  Heymans,  C, 

Bouckaert,  J.  J.,  Farber,  S.,  and  Hsu,  F.  J.,  Arch,  internat.  pharm.  dyn..  Par.  54:129,  1936.    [  4)  Landgren,  S., 

Liljestrand,  G.,  and  Zotterman,  Y.,  Acta  physiol.  scand.  30:149,  1953.    [  5]  Liljestrand,  G.,  and  Zotterman,  Y.,  ibid 

31^:203,  1954.    (  6]  Shen,  T.  C,  and  Hauss,  W.  H.,  Arch,  internat.  pharm.  dyn..  Par.  63:251,  1939.    [  7)  Jarisch,  A., 

Landgren,  S.,  Neil,  E.,  and  Zotterman,  Y.,  Acta  physiol.  scand.  25:195,  1952.    [  8)  Winder,  C.  V..  Am.  J.  Physiol. 

118:389,  1937.    [  9]  Hauss,  W.  H.,  and  Shen,  T.  C,  Arch,  internat.  pharm.  dyn..  Par.  62:411,  1939.    (  10]  Douglas, 

W.  W.,  J.  Physiol.  118:373,  1952.    [  11]  Aviado,  D.  M.,  Pontius,  R.  G.,  and  Schmidt,  C.  F.,  J.  Pharm.  Exp.  Ther. 

97:420,    1949.     [  12]  Landgren,  S.,   Liljestrand,  G.,  and  Zotterman,  Y.,  Acta  physiol.  scand.  26:264,  1952. 

fT3]  Heymans,  C,  Delaunois,  A.  L.,   Martini,  L.,  and  Janssen,  P.,   Arch,  internat.  pharm.  dyn..  Par.  %.:209,  1953. 

[  14]  Anitschkow,  S.  V.,  ibid  55:61,  1937.    [  15]  Landgren,  S.,  Liljestrand,  G.,  and  Zotterman,  Y.,  Arch.  exp.  Path., 

Lpz.  219:185,  1953.    [  16]  Philippot.  E.,  and  Dallemagne,  M.  J.,  Arch,  internat.  pharm.  dyn..  Par.  81^:427.  1950. 

[  17]  Douglas,  W.  W.,  and  Toh,  C.  C,  J.  Physiol.  U_7:71P,  1952.    [  18]  Pannier,  R.,  and  De  Backer,  J.,  Arch,  internat. 

pharm.  dyn..  Par.  70:1 10,  1945.    [  19]  Nims,  R.  G.,  Severinghaus,  J.  W.,  and  Comroe,  J.  H.,  J.  Pharm.  Exp.  Ther. 

109:58,  1953.    [  20]  Dawes,  G.  S.,  Mott,  J.  C,  and  Widdicombe,  J.  G.,  Arch,  internat.  pharm.  dyn..  Par.  90:203, 

1952.    (  21]  Gernandt,  B.  E.,  Acta  physiol.  scand.  1  l:(suppl  35)  1,  1946.    [  22]  Dontas,  A.  S.,  and  Nickerson,  M., 

Arch,  internat.  pharm.  dyn..  Par.  106:312,  1956.  T^i]  Meier,  R.,  Bein,  H.  J.,  and  Helmich,  H.,  Experientia.   Basel 

5:484,  1949.    [  24]  Dawes,  G.  S..  Mott,  J.  C,  and  Widdicombe,  J.  G.,  J.  Physiol.  0^:258,  1951.    (  25)  Paintal,  A.  S., 

ibid  J2i:'*86,  1957.    [26]  Dawes,  G.  S.,  Mott,  J.  C,  and  Widdicombe,  J.  G.,  Brit.  J.  Pharm.  6:675,  1951. 

[27]  Whitteridge,  D.,  and  Bfllbring,  E.,  J.  Pharm.  Exp.  Ther.  ^:340,  1944.    [28]  Bucher,  K.,  Helvet.  physiol.  pharm. 

acta  5:348,  1947.    [  29]  Jones,  J.  V.,  Brit.  J.  Pharm.  7:450,  1952.    [  30]  Paintal,  A.  S.,  Quart.  J.  Exp.  Physiol.,  Lond. 

42:56,  1957.    [  31]  Mott.  J.  C,  and  Paintal,  A.  S.,  Brit.  J.  Pharm.  8:238,  1953.    [  32]  Aviado,  D.  M.,  Pontius,  R.  G., 

and  Li,  T.  H..  J.  Pharm.  Exp.  Ther.  99:425,  1950.    [  33]  Heymans,  C,  and  Bouckaert,  J.  J.,  Arch,  internat.  pharm. 

dyn..  Par.  65:196,  1941.    [  34]  Mercier,  F.,  Rizzo,  C.  and  Delphaut,  J.,  C.  rend.  Soc.  biol.  115:546,  1934. 

[  35]  Dallemagne,  M.  J.,  and  Philippot,  E.,  Arch,  internat.  pharm.  dyn..  Par.  29:413,  1949.    [  36)  Philippot,  E.,  ibid 

57:357,  1937.    [  37]  Schweitzer,  A.,  Weizmann,  M.,  and  Wright,  S..  Cardiologia,  Basel  2:193,  1938.    [  38]  Philippot, 

E.,and  Dallemagne,  M.  J.,  Arch,  internat.  pharm.  dyn..  Par.  80:451,  1949.   [  39]  Heymans,  C,  and  Van  denHeuval-Heymans, 

G.,  ibid  93:95,  1953.    [  40]  Heymans,  C,  Hyde,  J.  E.,  Terp,  P..  and  De  Vleeschhouwer.  G.,  ibid  90:140,  1952. 

[41]  Dallemagne,  M.  J.,  and  Philippot,  E.,  ibid  87:127,  1951.    [42]  Pannier,  R.,  and  Verbeke,  R.,  ibid  74:364.  1947. 

[43]  Dawes,  G.  S.,  and  Comroe,  J.  H.,  Physiol.  Rev.  34:167,  1954.    [44]  Dawes,  G.  S.,  and  Mott,  J.  C,  Brit.  J.  Pharm. 

5:65,  1950. 
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133.     DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI 

Drugs  are  listed  alphabetically,   using  a  well-known  name.    Inclusion  of  trade  names  is  for  informative  purposes 
only  and  in  no  way  implies  endorsement  by  The  National  Academy  of  Sciences- The  National  Research  Council.    For 
all  "effects"  included  in  this  table,   there  is  reasonable  evidence  the  drug  in  fact  acted  on  the  bronchial  musculature. 
Where  there  was  evidence  that  an  effect  was  mediated  by  the  respiratory  center  or  adrenal  glands,    it  was  excluded. 
Drug  actions   influencing  only  anaphylactic  or  asthmatic  bronchospasm,   or  other  pathological  states  of  the  bronchi, 
were  also  excluded.    Concentrations  of  drugs  are  given  in  ng/ml  for  local  action  on  isolated  preparations,   and  doses 
in  mg/kg  for  drugs  administered  systemically.    Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted.    A  =  active,   but  action  complex  (original  literature 
should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 


Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

^g/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Acacia  (Gum  arable) 

Guinea  pig 

17,000 

I 

I 

2 

Acetic  acid 

Dog 

Dl 

2 

3 

Acetylcholine 

Man 

0.2-40 

C 

3-28 

4 

Cat 

0.1-10 

C 

0.002-1.0 

c 

5 

Dog 

0.01-1.0 

C 

0.002-0.5 

c 

6 

Guinea  pig 

0.1-200 

C 

0.01-0.05 

C 

7 

Monkey 

4-40 

8 

Ox 

0.7 

C 

9 

Pig 

C 

10 

Rabbit 

0.5-10 

c 

11 

Rat 

1-10 

c 

12 

Frog 

10"''-100 

c 

13 

Acetylmorphine 

Dog 

c 

29 

14 

Aconitine 

Frog               300 

c 

0.1-1.0 

c 

30 

15 

Turtle 

c 

16 

Adenine  (6-Aminopurine) 

Guinea  pig 

10-100 

D 

15,31 

17 

Pig 

<1 

D 

18 

Adenosine  (9- Adenine  ribofuranoside) 

Cat 

5 

D 

15,32 

19 

Guinea  pig 

10-100 

D 

1 

D 

20 

Adenosine  triphosphate 

Cat 

I 

15,33 

21 

Guinea  pig 

200-400 

D 

22 

Adenylic  acid,   muscle  (Adenosine- 5- 
phosphoric  acid) 

Cat 

10 

(D) 

15,34 

23 

Guinea  pig 

10-200 

D 

24 

Adenylic  acid,   yeast  (Adenosine- 3- 
phosphoric  acid) 

Cat 

10 

I 

15,32,34 

25 

Guinea  pig 

<400 

I 

D 

26 

Agar 

Guinea  pig 

10,000 

c 

15-50 

c 

1,35,36 

27 

Agaricin 

Dog 

(D) 

37 

28 

Agmatine 

Guinea  pig 

c 

38 

29 

Alcohol  (Ethanol) 

Cat 

500 

D 

31,39,40 

30 

Ox 

A 

31 

Pig 

D 

32 

Allantoin 

Guinea  pig 

1-20 

I 

15 

33 

Alloxan  (2,  4,  5,  6-Tetraoxopyrimidine) 

Guinea  pig 

20-40 

D 

15 

34 

Alphaprodine  (Nisentil;  Nu-1196;  a-1,3- 

Dimethyl-4-phenyl-4-propionoxy-piperidine) 

Guinea  pig 

I 

41 

35 

Alstonine  (Chlorogenine) 

Dog 

3-5 

D 

42 

36 

Althea 

(lUinea  pig 

25,000 

I 

1 

37 

Alypin 

Pig 

D 

31 

38 

Aminophylline  (Theophylline- ethylenediaraine) 

Man 

10-100 

D 

4-10 

D 

17,21,43- 

39 

Cat 

1000 

D 

53 

40 

Dog 

100-500 

D 

12-75 

D 

41 

Guinea  pig 

5-200 

D 

50-100 

D 

42 

Rabbit 

1,000-10,000 

D 

43 

Rat 

100 

D 

44 

2-  Aminopyrimidine 

Guinea  pig 

10-100 

D 

15 

45 

Aminopyrine  (Pyramidon) 

Guinea  pig 

1000 

D 

54 

46 

Ammonium  bicarbonate 

Rabbit 

25 

I 

55 

47 

Ammonium  chloride 

Ox 

1500 

D 

10,31.39, 

48 

Pig 

800 

c 

55 

III    At  pH  6. 
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133.     DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

( Synonym ) 

Local 

Systemic 

Reference 

tig/ml 

Action 

mg/kg     1 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

49 

Ammonium  chloride  (concluded) 

Rabbit 

50 

D 

10,31,39,55 

50 

Frpg 

300-1000 

C 

51 

Amyl  nitrite 

Guinea  pig 

5000 

D 

56 

52 

Anagyrine 

Guinea  pig 

50-100 

(C) 

16 

53 

Andromedotoxin 

Guinea  pig 

20 

c 

57,58 

54 

Rabbit 

1-4 

c 

55 

Antazoline  (Antistine;  Histostab;  N-Benzyl- 
N-phenyl-aminomethyliraidazoline) 

Man 

800 

D 

59.60 

56 

Cat 

5 

C 

57 

Guinea  pig 

5-40 

c 

58 

Guinea  pig 

100-1000 

D 

59 

Antergan  (Lergitin;  RP2339;  N-Benzyl-N- 
phenyl-  N ' ,  N'  -  dimethyl-  ethylenediamine ) 

Cat 

0.5-5.0 

C 

59-61 

60 

Dog 

1.0 

C 

61 

Antipyrine  (Phenazone;  1 ,  5- Dimethyl- 2- 
phenyl-  3-  pyrazolone ) 

Pig 

c 

31 

62 

Apocodeine 

Cat 

1 

C 

62 

63 

Rabbit 

1 

C 

64 

Apothesin 

Pig 

I 

31 

65 

Arecoline 

Cat 

0.3-2.5 

c 

0.02-3.0 

c 

5,12,19,39, 

66 

Dog 

c 

0.02-0.5 

C 

63-71 

67 

Guinea  pig 

1 

c 

68 

Ox 

1-170 

c 

69 

Rabbit 

c 

0.1-0.45 

C 

70 

Arsphenamine 

Guinea  pig 

100-200 

1 

71 

Aspidiospermine 

Cat 

I 

72 

72 

Ox 

73 

Aspidiosamine 

Cat 

I 

72 

74 

Ox 

75 

Atropine 

Man 

<10 

6,8,10,24, 

76 

Cat 

D 

26,36,37, 

77 

Dog 

5 

(D) 

<2 

I 

39,43,56, 

78 

Guinea  pig 

<10 

60,64.68, 

79 

Guinea  pig 

100-1000 

c 

73-77 

80 

Monkey 

c 

81 

Ox 

30 

D 

82 

Rabbit 

D 

83 

Rat 

D 

84 

Frog 

10-20 

D 

85 

Azapetine  (Ilidar;  Ro  Z-3248;  6-Allyl-6,7- 
dihydro-5H-dibenz-[  c,  e]  -azepine) 

Guinea  pig 

10 

C 

78 

86 

Barbituric  acid 

Guinea  pig 

10 

(D) 

15 

87 

Barium  chloride 

Man 

C 

10,15,31,36 

88 

Cat 

C 

10-100 

C 

39,43,56, 

89 

Dog 

50 

C 

3-20 

C 

77.79-85 

90 

Guinea  pig 

20-5000 

C 

91 

Ox 

10-30 

C 

92 

Pig 

800 

C 

93 

Rabbit 

30-3000 

C 

94 

Sheep 

C 

95 

Frog 

25-2500 

c 

96 

Benzoylcholine 

Cat 

<1000 

I 

86 

97 

Rabbit 

<1000 

I 

98 

Benzyl  acetate 

Pig 

5000 

D 

31 

99 

Benzyl  alcohol 

Pig 

400-800 

D 

31 

100 

Benzyl  benzoate 

Dog 

(C) 

31,87,88 

101 

Pig 

D 

102 

l-Benzyl-3-p-diethylaminoethyl-5,  5-diallyl 
barbituric  acid 

Cat 

6-10 

c 

61 

103 

Benzyl  nitrite 

Pig 

400 

D 

31 

104 

Benzylmorphine  (Peronine) 

Dog 

2 

c 

29 

105 

Benzyltrimethylammonium  iodide    .  1 

Guinea  pig 

C 

89 

106 

Betaine  hydrazide 

Dog 

c 

90 

107 

Bradykynin  (Kallidin) 

Man 

I 

15,91 

203 


133.    DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  -  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

( Synonym ) 

Local 

Systemic 

Reference 

M-g/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

108 

Bradykynin  (Kallidin)  (concluded) 

Cat 

I 

15,91 

109 

Guinea  pig 

1-100 

C 

110 

Bromal  hydrate 

Dog 

20 

C 

92 

111 

Y-Bromohomocholine  bromide  (y-Bromo- 
propyltrimethylaramonium  bromide) 

Dog 

C 

93 

112 

Cadaverine 

Guinea  pig 

c 

38 

113 

Caffeine  (Theine;  Trimethylxanthine) 

Cat 

D 

D 

10,15,37,39 

114 

Dog 

D 

56,84,95, 

115 

Guinea  pig 

20-1000 

D 

10-1000 

D 

96 

116 

Ox 

1000 

D 

117 

Pig 

400 

D 

118 

Frog 

400 

D 

119 

Calcium  chloride 

Guinea  pig 

5000 

C 

10.36.39,97 

120 

Ox 

5000 

C 

121 

Frog 

800 

C 

122 

Camphor' 

Ox 

100-500 

D 

98 

123 

1000 

C 

124 

Caramiphen  (Parpanit;  Diethylaminoethyl 
1-phenyl-cyclopentyl-l-carboxylate) 

Guinea  pig 

(C) 

99 

125 

Carbachol  (Doryl;  Carbaminoylcholine) 

Man 

0.1-1 

C 

17,20 

126 

Guinea  pig 

5-50 

C 

127 

Carbaminoyl-  p-  methylcholine 

Cat 

0.2-2.0 

C 

100 

128 

Guinea  pig 

C 

129 

Chelidonine 

Cat 

5-10 

D 

31,101-103 

130 

Dog 

5-10 

D 

131 

Guinea  pig 

D 

132 

Pig 

800 

D 

133 

Rabbit 

50 

D 

134 

Chlorcyclizine  (Di-Paralene,   Histantin; 

Perazil;  47-282;  N-(4-Chlorbenzhydryl)-N'- 
me  thyl-  piperazine ) 

Cat 

2-10 

C 

60 

135 

Guinea  pig 

5-100 

C 

136 

Guinea  pig 

100-1000 

D 

137 

Chloral  hydrate 

Dog 

I 

39,92 

138 

Ox 

100 

A 

139 

Chloroform 

Guinea  pig 

3000 

D 

2,31,39,56, 

140 

Ox 

C 

104 

141 

Pig 

A 

142 

Chloroguanide  (Guanatol;  Paludrine; 
Proguanil;  Ni-(p-Chlorophenyl)-N5- 
Isopropyl-biguanide ) 

Guinea  pig 

0.5-10 

I 

105 

143 

Chlorothen  (Chloropyrilene;  Tagathen; 
N-(5-Chloro-2-thenyl)-N-(2-pyridyl)- 
N',  N'-dimethyl-ethylenediamine) 

Cat 

3 

(C) 

60 

144 

Dog 

5 

c 

145 

Guinea  pig 

1-160 

C 

146 

Guinea  pig 

200-1000 

D 

147 

Chlorpheniramine  (Chlorprophenpyridamine; 
Chlor-Trimeton;  l-(p-Chlorophenyl)-l- 
(2-pyridyl)-3-dimethylamino-propane) 

Cat 

10 

c 

60 

148 

Guinea  pig 

1-400 

C 

149 

Guinea  pig 

1000 

D 

150 

Choline  chloride 

Dog 

(D) 

16,37,56, 

151 

Guinea  pig 

10-1000 

C 

106,107 

152 

Rabbit 

(C) 

50 

C 

153 

Choline  ethyl  ether 

Cat 

(C) 

7 

154 

Choline  nitrate 

Cat 

(C) 

7 

155 

Choline  nitrite 

Cat 

(C) 

39 

156 

Ox 

>1 

c 

157 

Citrinin 

Guinea  pig 

c 

108 

158 

Clupeine 

Guinea  pig 

c 

38 

159 

Cocaine 

Cat 

c 

30,31,37, 

160 

Dog 

c 

I 

39.68 

161 

Ox 

1000 

D 

162 

Pig 

O 

163 

Rabbit 

C 

HI    See  also  sodium  camphorate. 
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133.     DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,  and  the  original  literature  should 
be  consulted. 


Species 

Effect 

( Synonym ) 

Local 

Systemic 

Reference 

^Lg|ml 

Action       mg/kg       Action 

(A) 

(B) 

(C) 

(D)              (E) 

(F) 

(G) 

164 

Cocaine  (concluded) 

Frog 

100-1000 

C 

0.5-5 

C 

30,31,37. 

165 

Turtle 

0.5-5 

(D) 

39,68 

166 

Codeine  (Methyl  morphine) 

Dog 

(C) 

29,31,79, 

167 

Pig 

(C) 

109.110 

168 

Colchiceine 

Pig 

(D) 

31 

169 

Colchicine 

Pig 

(D) 

31 

170 

Compound  48/80  ((p-Methoxyphenylethyl)- 
methylamine  formaldehyde  polymers) 

Guinea  pig 

40 

C 

HI 

171 

Congo  red 

Guinea  pig 

1000 

I 

1 

172 

C  online 

Guinea  pig 

10-100 

C 

16 

173 

Cotarnine  (Stypticine) 

Dog 

(D) 

29,66 

174 

Creatinine 

Guinea  pig 

10-100 

I 

15 

175 

Cryptopeine  (Cryptopine) 

Dog 

I 

29.109 

176 

Pig 

I 

177 

Cularine 

Guinea  pig 

20-200 

I 

112 

178 

Curare  1 

Cat 

A 

62,80,96. 

179 

Dog 

C 

114,115 

180 

Guinea  pig 

c 

181 

Rabbit 

C 

182 

Curarine 

Cat 

300-600 

C 

114,116,117 

183 

Dog 

0.5-2.0 

C 

184 

Guinea  pig 

c 

185 

Cyanuric  acid  (s-Triazinetriol) 

Guinea  pig 

10-100 

(D) 

15 

186 

Cytisine 

Guinea  pig 

50-200 

C 

16 

18V 

Darmstoff 

Ox 

I 

118 

188 

Decamethonium  (EuUssin) 

Man 

10 

(D) 

15 

189 

2,  6-Diaminopurine 

Guinea  pig 

20-80 

D 

15 

190 

Dextrin 

Guinea  pig 

10.000 

I 

1 

191 

Dextromethorphan  (Ro  1-5470/5;  d-3- 
Methoxy-N- methyl- raorphinan) 

Cat 

1 

C 

119 

192 

Dextrorphan  (Ro  1-6794;  d- 3- Hydroxy- N- 
methyl-  morphinan) 

Cat 

1 

c 

119 

193 

Dibenzyline  (Dibenyline;  SKF  688;  N-Phenoxy- 
isopropyl-N- benzyl- p-chloroe  thy  lamine) 

Guinea  pig 

1-10 

I 

16 

194 

Dicholine  chloride  (Di-trimethyl 
ethylenediamine  dichloride) 

Rabbit 

c 

107 

19b 

Diethylaminoethanol 

Guinea  pig 

C 

120 

196 

Diethylaminoethyl  diphenylhydroxythioacetate 
(Ro  3-0226) 

Guinea  pig 

3-5 

D 

83.121 

197 

Diethylaminoethyl    diphenyllhioacetate 
(Ro  3-0235) 

Guinea  pig 

10-30 

(D) 

83 

198 

2-(2'-  Diethylaminoethylthio)-1,  l-diphenyl- 
ethanol  (Ro  3-0326) 

Guinea  pig 

10-30 

D 

83,121 

199 

Rabbit 

1-5 

(D) 

200 

Diethylmorphine 

Cat 

C 

68,76 

201 

Dog 

C 

1-4 

c 

202 

Rabbit 

I 

203 

Di  gitalin 

Cat 

1 

C 

40,80 

204 

Dihydroergotamine  methanesulphonate 

Guinea  pig 

0.4-1.0 

C 

16 

205 

Dihydro-p-erythroidine 

Dog 

2 

I 

114 

206 

Diisopropylfluorophosphate  (DFP) 

Dog 

7-20 

C 

122-124 

207 

Guinea  pig 

c 

208 

N,  N-Dimethylhexahydronicotinic  acid 
methyl  ester  iodide 

Cat 

0.3 

c 

125 

209 

N-Dimethyl-histamine 

Guinea  pig 

0.2-1.0 

C 

126 

210 

Diphenhydramine  (Benadryl;  p-Dimethyl- 
aminoethyl  benzhydryl  ether) 

Cat 

2-10 

c 

43,60,127 

211 

Dog 

2 

c 

212 

Guinea  pig 

0.3-400 

C 

213 

Guinea  pig 

1000 

D 

214 

Emetine 

Giunea  pig 

10,000 

I 

39,128 

21b 

Ox 

300 

D 

216 

Ergoti 

Cat 

I 

77.80,129 

/I/   Including  introcostrin.      /2/   Including  ergotine  and  secacornine. 
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133.    DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  i 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  litera 
be  consulted. 


nactive. 
ture  should 


*-•*     ^^..-^ 

Species 

Effect 

( Synonym ) 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

1     (D) 

(E) 

(F) 

(G) 

217  1  Ergot!  (concluded) 

Dog 

1     I 

(C) 

77.80,129 

218 
219 

Rabbit 

250 

C 

Ergotamine  (Femergin) 

Cat 

C 

2 

C 

16,22,26, 

220 

Dog 

C 

2 

C 

68,76,97 

221 

Guinea  pig 

1-10 

C 

222 

Pig 

C 

223 

Rabbit 

C 

224 

Ergotoxine  ethanesulphonate^ 

Cat 

C 

10 

C 

15,31,42,62 

225 

Dog 

C 

(C) 

68,76, 

22b 

Guinea  pig 

1-5 

c 

130-132 

227 

Pig 

80 

c 

228 

Rabbit 

c 

229 

Ether  (Diethyl  ether) 

Guinea  pig 

3000 

D 

2,31.39.56 

230 

Ox 

D 

231 

Pig 

A 

232 

Ethylcholine 

Dog 

1 

c 

133 

233 

Guinea  pig 

c 

234 
235 
236 
237 
238 
239 
240 
241 
242 
243 

Ethylenediamine 

Guinea  pig 

10-250 

c 

15.50,53 

Rabbit 

I 

N-  Ethyl-histamine 

Guinea  pig 

2 

c 

126 

Ethyl-  p-  methylcholine 

Dog 

1 

I 

133 

Guinea  pig 

c 

Ethylmorphine  (Dionine) 

Dog 

3 

c 

29,79 

[  Ethyl- urethane  (Urethane,   q.v.) 

Ox 

D 

39 

a-Eucaine 

Pig 

D 

31 

p-Eucaine  (Benzamine;  Betacaine) 

Pig 

80 

D 

31 

(a-  FurfurylethyDtrimethylammonium  iodide 

Guinea  pig 

c 

89 

244 

Furfuryltrimethylammonium  iodide 
(Furmethide;  Furtrethonium) 

Guinea  pig 

c 

89 

245 

Gallamine  (Flaxedil) 

Man 

1000 

I 

15 

246 

Gelatin 

Guinea  pig 

10,000 

I 

1 

247 

Gelsemine 

Pig 

D 

31 

248 

Gitalin 

Cat 

I 

84 

249 

Glyceryl  trinitrate  (Nitroglycerin; 
Trinitrin) 

Dog 

D 

129 

250 

Rabbit 

1.3 

D 

251 

Glycogen 

Guinea  pig 

1000 

I 

1 

252 
253 

Gold  chloride 

Cat 

c 

80 

Guanidine 

Guinea  pig 

200-1000 

c 

15.38 

254 

Guanine  (2-Amino-6-oxo-purine) 

Guinea  pig 

<40 

I 

15.31 

255 

Pig 

D 

256 
257 
258 
259 
260 
261 
262 
263 

Guanosine  (9- Guanine- ribofuranoside) 

Guinea  pig 

20-100 

D 

15.31 

Pig 

I 

Heptyl  aldehyde  sodium  bisulphite  (Hepbisul) 

Guinea  pig 

10,000-20.000 

(C) 

134 

Heptyl  isothiourea 

Guinea  pig 

(C) 

135 

Heroine  (Diacetylmorphine) 

Dog 

2 

c 

29.31 

Pig 

(C) 

Hexaethyltelraphosphate  (HETP) 

Dog 

0.6-1.3 

c 

136 

Hexamethonium 

Guinea  pig 

200-800 

(C) 

16     ' 

264 

Histamine  (Ergamine;  p-Imidazolyiethylamine 

Man 

0.1-10 

c 

0.1 

C 

1.3,4.6,8,10 

265 

Man 

1000 

(D) 

12,15,17, 

266 

Cat 

2-10 

(C) 

0.003-1 

c 

21,32.39, 

267 

Dog 

1-1000 

c 

0.001-4.0 

c 

45,53,55, 

268 

Guinea  pig 

0.2-100 

c 

0.0001- l.C 

c 

56,62,66. 

269 

Guinea  pig 

100-10,000 

(C) 

68.77.79, 

270 

Monkey 

c 

84.95.102 

271 

Ox 

10 

(C) 

126,128. 

272 

Pig 

c 

137-151 

273 

Rabbit 

<1000 

(I) 

40 

I 

274 

Rabbit 

0.04-2.0 

c 

275 

Rat 

(I) 

276 

Frog 

0.01-20 

c 

1-10 

c 

HI    Including  ergotine  and  secacornine.  ./2/    Mainly  ergocornine.  plus  a  little  ergocristine  and  ergocryptine. 
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133.    DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular, 
be  consulted. 


or  doubtful,   and  the  original  literature  should 


_ 

Species 

Effect 

(Jompouna 
(Synonym) 

Local                  1 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

277 

Homatropine  (Tropine  mandelate) 

Dog 

0.2 

D 

74 

278 

Homatropine  methylbromide  (Novatropine; 
Tropine  -  N-  methylbromide  mandelate ) 

Guinea  pig 

10 

I 

43 

279 

Hydantoin 

Guinea  pig 

10-100 

I 

15 

280 

Hydrastine 

Guinea  pig 

I 

112 

281 

Hydrastinine 

Dog 

1 

D 

66 

282 

Hydrochloric  acid 

Guinea  pig 

c' 

10,31,36,39, 

283 

Ox 

(D) 

60,152 

284 

Pig 

C 

285 

Frog 

D 

286 

Hydrocyanic  acid 

Cat 

D 

80 

287 

Hydroquinone 

Dog 

15 

(D) 

131 

288 

d-3-Hydroxy-N-allylraorphinan  (Ro  1-7059) 

Cat 

1 

I 

119 

289 

1-3- Hydroxy- N-allylmorphinan  (Ro  1-7700) 

Cat 

1 

I 

119 

290 

m- Hydroxybenxyldimethylaraine  methyl- 
carbamate 

Cat 

(C) 

27 

291 

p-  Hydroxybenzyldimethylamine 
methylcarbamate 

Cat 

(C) 

27 

292 

o-  Hydroxybenzyldimethylamine 
methylcarbamate  methiodide 

Cat 

(C) 

27 

293 

(2-Hydroxy-5-phenylbenzyl)trimethylam- 
monium  dimethylcarbamate  (Nu-683) 

Dog 

0.5 

c 

122 

294 

(ra-Hydroxyphenyl)diethylmethylammonium 
bromide  (Ro  2-2980) 

Guinea  pig 

<100 

I 

153 

295 

(m-Hydroxyphenyl)dimethylethylammonium 
bromide  (Ro  2-3198) 

Guinea  pig 

<100 

I 

153 

296 

[  Q-(m-Hydroxylphenyl)- ethyl]  dimethylaraine 
methylcarbamate  (Miotine) 

Cat 

0.4 

c 

27,154 

297 

(m-Hydroxyphenyl)trimethylammonlura 
bromide  (Ro  2-2561) 

Guinea  pig 

<100 

I 

153 

298 

5-Hydroxytryptamine  creatinine  sulphate 
(Serotonin) 

Man 

D 

13,91,119, 

299 

Cat 

C 

0.003-1.0 

c 

144,155- 

300 

Guinea  pig 

5 

C 

0.003-0.2 

c 

160 

301 

Rabbit 

C 

302 

Hypoxanthine  (6-Oxo-purine) 

Guinea  pig 

4-40 

I 

15,31 

303 

Pig 

D 

304 

Kallikrein  (Padutin) 

Cat 

D 

34,85 

305 

Kalmia  angustifolia^  extract 

Guinea  pig 

C 

161 

306 

Kaolin 

Guinea  pig 

10,000 

C 

36 

307 

Khellin 

Cat 

40-70 

D 

44,162 

308 

Guinea  pig 

2-10 

D 

309 

Lactic  acid 

Guinea  pig 

D 

152 

310 

Levomethorphan  (Ro  1-7788;  1;  3- Methoxy- 
N- methyl- morphinan) 

Cat 

1 

I 

119 

311 

Levorphan  (Ro  1-5431/7;  Levo-dromoran; 
1-  3-  Hydroxy-  N-  methyl-  morphinan) 

Cat 

1 

D 

119 

312 

Lithium  chloride 

Pig 

I 

39 

313 

Lobelanidine 

Cat 

3 

D 

163 

314 

Lobelanine 

Cat 

(D) 

163 

315 

Lobe  line 

Cat 

1 

(D) 

5.16,31,80, 

316 

Dog 

3 

(A) 

97,163, 

317 

Guinea  pig 

10-50 

C 

164 

318 

Guinea  pig 

80-100 

D 

319 

Ox 

150-250 

D 

320 

Pig 

D 

321 

Magnesium  chloride 

Dog 

D 

2,10,39.97 

322 

Guinea  pig 

D 

323 

Ox 

D 

324 

Frog 

3000 

(C) 

325 

Magnesium  sulphate 

Guinea  pig 

D 

165 

/I/  pH  5  to  pH  2.     /2/  Larabkill. 
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133.    DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,  but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


. . 

Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

326 

Melamine  (2,  4,  6-Triaminotriazine) 

Guinea  pig 

200-800 

D 

15 

327 

Meperidine  (Demerol;  Dolantal;  Dolantin; 
Dolosal;  Pethidine;  Ethyl- 1 -methyl-4- 
phenylpiperidine-4-carboxylate) 

Guinea  pig 

D 

166 

328 

Methacholine  (Amechol;  Mecholyl; 
Ace  tyl-  p  -  methylcholine ) 

Man 

C 

0.5 

C 

2,114,133, 

329 

Cat 

C 

167-169 

330 

Dog 

1 

C 

0.001-0.1 

C 

331 

Guinea  pig 

C 

332 

Rat 

C 

333 

Methaphenilene  (Diatrine;  N-{2-ThenyI)-N- 
,phenyl-N',  N'-dimethyl-ethylenediamine) 

Cat 

1-5 

C 

60 

334 

Dog 

2 

C 

335 

Guinea  pig 

1-140 

C 

336 

Guinea  pig 

200-1000 

D 

337 

Methapyrilene  (Histadyl;  Thenylene;  N-(2- 
Thenyl)-N-(2-pyridyl)-N',  N'-dimethyl- 
ethylenediamine) 

Cat 

2.5-10 

C 

60 

338 

Dog 

2 

C 

339 

Guinea  pig 

0.2-200 

C 

340 

Guinea  pig 

1000 

D 

341 

Methenamine  (Cystogen;  Cystomine;  Formin; 
Hexamine;  Uritone;  Urotropine; 
Hexamethylenetetramine ) 

Dog 

D 

15,37 

342 

Guinea  pig 

200-1000 

I 

343 

2-Methyl-4-amino-5-cyano-pyrimidine 

Guinea  pig 

10 

(D) 

15 

344 

2-Methyl-4-amino-5-methylamino-pyrimidine 
(Bi-pyrimidine;  Grewe  diamine) 

Guinea  pig 

100 

(D) 

15 

345 

p- Methylcholine  ethyl  ether 

Dog 

C 

167 

346 

2-Methyl-4,  6-dihydroxy-pyrimidine 

Guinea  pig 

<100 

I 

15 

347 

(5-Methylfurfuryl)triraethyIamraoniura  iodide 
(Methyl-furmethide) 

Guinea  pig 

5-50 

C 

20 

348 

N- Methyl- histamine 

Guinea  pig 

0.1-0.3 

C 

126 

349 

Methyl-  isothiourea 

Guinea  pig 

2-5 

(I) 

135 

350 

Morphine 

Cat 

C 

20 

C 

2,31,39,40, 

351 

Dog 

C 

0.8-5.0 

C 

56,68,76, 

352 

Guinea  pig 

1000 

I 

25 

(I) 

79,80, 

353 

Ox 

1000 

D 

170,171 

354 

Pig 

200 

(C) 

355 

Rabbit 

I 

356 

p-MorphoIinoethyl  diphenylhydroxy 
thioacetate  (Ro  3-0  368) 

Rabbit 

20 

(D) 

83,121 

357 

Y  -Morpholinopropyl  diphenylhydroxy 
thioacetate  (Ro  3-0299) 

Guinea  pig 

D 

83,121 

358 

Rabbit 

20-50 

(D) 

359 

Muscarine 

Cat 

c 

10,70,80.82 

360 

Dog 

C 

c 

84,87,96, 

361 

Guinea  pig 

0.007-0.05 

C 

c 

113,129, 

362 

Ox 

C 

143,172- 

363 

Pig 

c 

174 

364 

Rabbit 

0.007 

c 

c 

365 

Frog 

c 

366 

Turtle 

c 

367 

2-a-Naphthylethyl  isothiourea 

Cat 

0.01-0.02 

c 

127           ' 

368 

Narceine 

Dog 

I 

29,31,110 

369 

Pig 

200 

D 

370 

Narcotine  (Gnoscopine) 

Dog 

3 

c 

29,31.110 

371 

Pig 

D 

372 

Neopine 

Dog 

C 

29 

373 

Neurine  (Vinyltrimethylammonium  hydroxide) 

Cat 

C 

80 

374 

Nicotine' 

Man 

I 

2,10,16,31, 

375 

Cat 

(C) 

3 

c 

37,40.56. 

376 

Cat 

10 

D 

62.77,80, 

377 

Dog 

5-2000 

c 

A 

84,130, 

378 

Guinea  pig 

20-1000 

A 

137,175, 

379 

Ox 

1000 

I 

176 

/I  /    See  also  sodium  nicotinate. 
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133.     DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


^  .           . 

Species 

Effect 

( Synonym ) 

Local 

Systemic 

Reference 

(xg/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

380 

Nicotine!  (concluded) 

Pig 

80 

A 

381 

Frog 

0.1-1.0 

D 

A 

382 

Nucleic  acid,   thymus 

Pig 

I 

31 

383 

Nucleic  acid,   yeast 

Pig 

I 

31 

384 

Ovalbumin 

Guinea  pig 

I 

97 

385 

Pantopiura  (Omnopon;  Pantopon)'' 

Dog 

3 

c 

29.31 

386 

Pig 

20 

D 

387 

Papaverine 

Cat 

4-20 

D 

2,10,11,15, 

388 

Dog 

D 

1-2 

D 

31,43.48, 

389 

Guinea  pig 

0.5-5 

D 

25-80 

D 

83,84,98, 

390 

Ox 

50-100 

D 

109,171, 

391 

Pig 

50 

D 

177-181 

392 

Rabbit 

<100 

(I) 

393 

Frog 

50-200 

D 

394 

Pavatrine  (p-Dimethylaminoethyl  fluorene- 
9-carboxylate) 

Guinea  pig 

<50 

I 

171 

395 

Pentamidine  isethionate 

Guinea  pig 

25 

c 

14 

396 

Pentylenetetrazole  (Cardiazol;    Metrazol; 
Pentamethylene  tetrazole) 

Guinea  pig 

I 

10,97 

397 

Frog 

0.4 

C 

398 

Peptone 

Cat 

<50 

I 

20-50 

c 

1,6,12,39, 

399 

Dog 

0.1-0.2 

C 

40,56,84. 

400 

Guinea  pig 

300-10,000 

C 

7 

C 

94,96, 

401 

Ox 

I 

114,127, 

402 

Frog 

<100 

I 

143,180, 
182-184 

403 

Phenacaine  (Holocaine) 

Pig 

D 

31 

404 

Phenindamine  (Thephorin;  Nu  1504;  2- 
Methyl-9-phenyl-2,  3,  4,  9-tetrahydro- 
1-pyridindene) 

Cat 

I-IO 

C 

60 

405 

Dog 

1 

C 

406 

Guinea  pig 

1-400 

C 

407 

Guinea  pig 

1000 

D 

408 

1  -  Phenoxy-  2-  dimethylamino-  ethane 

Guinea  pig 

C 

185 

409 

Phenoxyethyldiethylamine  (928  F) 

Guinea  pig 

I 

186 

410 

Phentolamine  (RegiUne;  Rogitine;  C  7337; 
2-[  N-p'-Tolyl-N-(m'-Hydroxyphenyl)- 
aminomethyl]  -imadazoline) 

Rabbit 

I 

187 

411 

N-Phenyl-N-ethyl-N',N'-diethyl- 
ethylenediamine  (1571 F) 

Guinea  pig 

C 

188 

412 

(o-  Phenylethyl)trimethylararaonium  iodide 

Guinea  pig 

I 

89 

413 

Physostigmine  (Eserine) 

Man 

20-100 

C 

2,4,9,10,15, 

414 

Cat 

C 

0.1-2.0 

C 

17,31,39, 

415 

Dog 

C 

0.1-2.5 

C 

40.56,62- 

416 

Guinea  pig 

100 

c 

0.75 

C 

64,68,71, 

417 

Ox 

I 

76,80,84, 

418 

Pig 

c 

122,129, 

419 

Rabbit 

c 

0.3 

C 

171.189- 

420 

Frog 

10-200 

c 

191 

421 

Pilocarpine 

Man 

0.1-1.0 

c 

<0.1 

I 

2,5,16,17, 

422 

Cat 

0.2 

c 

0.1-12.0 

c 

19,31,37, 

423 

Dog 

0.1-1.0 

c 

0.05-2.0 

c 

39,47,54, 

424 

Guinea  pig 

1-1000 

c 

56.57,62, 

425 

Ox 

1-75 

c 

64,68,71, 

426 

Pig 

30-40 

c 

73,76,80- 

427 

Rabbit 

10 

c 

2 

c 

82,84,94, 

428 

Turtle 

10 

c 

129,131, 
149,174, 
192-200 

429 

1)r-Piperidinoamyl  diphenylhydroxythio- 
acetate  (Ro  3-0320) 

Guinea  pig 

I-IO 

D 

83,121 

430 

Rabbit 

5-20 

(D) 

431 

p-Piperidinoethyl  diphenylhydroxythio- 
acetate  (Ro-0348) 

Guinea  pig 

D 

83,121 

432 

Rabbit 

2-10 

(D) 

HI    See  also  sodium  nicotinate.       /2/    Mixed  opium  alkaloids. 
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133.    DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A.  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


r>^^^^^,.^j 

Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B)          1           (C) 

(D) 

(E) 

(F) 

(G) 

433 

Y  -Piperidinopropyl  diphenylhydroxythio- 
acetate  (Ro  3-0290) 

Guinea  pig 

(D) 

121 

434 

Piperoxan  (Benodaine;  933  F;  Plperi- 
dinomethylbenzodioxane ) 

Dog 

10 

I 

22,186 

435 

Guinea  pig 

C 

436 

Potassium  chloride 

Man 

C 

3,10,31,36, 

437 

Cat 

C 

39.201 

438 

Dog 

C 

439 

Guinea  pig 

1000-2500 

C 

440 

Ox 

2000 

C 

441 

Pig 

2500 

(D) 

442 

Rabbit 

C 

443 

Rat 

C 

444 

Frog 

A 

445 

Primary  albumose 

Dog 

200 

C 

202 

446 

Procaine  (Novocaine) 

Man 

100 

(D) 

15,31 

447 

Guinea  pig 

<10 

I 

448 

Guinea  pig 

100 

(D) 

449 

Pig 

D 

450 

Promethazine  (Phenergan;  3277  RP; 
N-(2-Dimethylamino-2-raethylethyl)- 
phenothiazine) 

Man 

400 

(D) 

60 

451 

Cat 

1-5 

c 

452 

Dog 

1 

C 

453 

Guinea  pig 

0.3-200 

C 

454 

Guinea  pig 

1000 

D 

455 

Prosympal  (883  F;  Diethylarainomethyl- 
benzodioxane) 

Guinea  pig 

C 

186 

456 

Protoveratrine 

Ox 

70 

I 

39 

457 

Putre  seine 

Guinea  pig 

C 

38 

458 

p-  ( 3-  Pyrazole )-  ethylamine 

Guinea  pig 

40-200 

c 

203 

459 

p-(2-Pyridyl)-ethylamine 

Guinea  pig 

1-40 

c 

203,204 

460 

Pyrilamine  (Mepyramine;  Neoantergan; 
Pyranisamine;  N-(p-Methoxybenzyl)- 
N-(2-pyridyl)-N'.  N'-dimethyl-ethylene- 
diamine) 

Man 

4-200 

c 

17,25,60 

461 

Cat 

1-10 

C 

462 

Dog 

1 

C 

463 

Guinea  pig 

0.4-700 

c 

464 

Guinea  pig 

1000 

D 

465 

Quebrachamine 

Cat 

I 

72 

466 

Ox 

I 

467 

Quebrachine 

Cat 

I 

72 

468 

Ox 

I 

469 

Quinine 

Dog 

C 

10,31,37.39 

470 

Guinea  pig 

1000 

(D) 

56 

471 

Ox 

D 

472 

Pig 

D 

473 

Frog 

200 

c 

474 

Quinine  methochloride 

Dog 

10 

C 

114 

475 

Semicarbazide 

Guinea  pig 

<100 

I 

204 

476 

Sodium  azide 

Guinea  pig 

D 

205,206 

477 

Sodium  bromide 

Ox 

I 

31,39 

478 

Pig 

2000-4000 

D 

/ 

479 

Sodium  camphorate 

Dog 

I 

37 

480 

Sodium  cyanate 

Guinea  pig 

10-400 

D 

15.207 

481 

Sodium  cyanide 

Cat 

C 

2 

482 

Sodium  hydroxide 

Guinea  pig 

Cl 

10.31,36,39 

483 

Ox 

(C) 

60 

484 

Pig 

A 

485 

Frog 

(C) 

486 

Sodium  iodide 

Dog 

250.000 

D 

I 

31,37,39, 

487 

Gtunea  pig 

15,000 

D 

56,77 

488 

Ox 

4000 

C 

489 

Pig 

2500 

D 

490 

Sodium  nicotinate 

Dog 

(I) 

45 

/I/  At  pH  11. 
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133.     DIRECT  ACTION  OF  DRUGS  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

(Synonym) 

Local 

System 

Reference 

jig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

491 

Sodium  nitrate 

Ox 

I 

31,39 

492 

Pig 

3000 

(C) 

493 

Sodium  nitrite 

Guinea  pig    8000 

I 

80 

D 

10,31,39, 

494 

Ox                   2000 

c 

56,214 

495 

Pig                  1000 

D 

496 

Frog                140 

D 

497 

Sodium  nucleinate 

Guinea  pig 

C 

38 

498 

Sodium  theophyllinate 

Rabbit 

500 

I 

53 

499 

Sodium  thiocyanate 

Guinea  pig 

10,000 

I 

39,56,94 

500 

Ox 

C 

501 

Sodium  m- vanadate 

Dog 

2 

C 

208 

502 

Sodium  o- vanadate 

Dog 

2 

C 

37.56 

503 

Guinea  pig  !  2000 

C 

504 

Sparteine 

Guinea  pig  <  100 

c 

16 

505 

Staphylococcus  toxin 

Guinea  pig 

c 

209 

50fa 

Starch  (Amylum) 

Guinea  pig 

10,000 

I 

1 

507 

Stovaine 

Pig 

200 

D 

31 

508 

Strontium  chloride 

Ox 

c 

39 

509 

Strophanthin 

Cat 

I 

84 

510 

Strychnine 

Cat 

I 

39,56,77,84 

511 

Dog 

(D) 

512 

Guinea  pig 

I 

513 

Ox 

1000 

D 

514 

Substance  P 

Man 

I 

91 

515 

Cat 

I 

516 

Suramin 

Cat 

250 

(D) 

14 

517 

Syntropan  (Amprotropine;  3-Diethylamino- 
2,  2-dimethyl-propyl  tropate) 

Guinea  pig 

10 

I 

43 

518 

Tetramethylammonium  chloride 

Guinea  pig 

80 

c 

16 

519 

Tetraethylpyrophosphate  (TEPP) 

Guinea  pig 

c 

123 

520 

Tetrahydropapaveroline 

Cat 

2-10 

D 

196 

521 

Tetramethylene  diisothiourea 

Guinea  pig 

5 

(D) 

135 

522 

Thebaine                                        ) 

Dog 

1 

C 

31,66,110 

523 

Pig 

(C) 

524 

Theobromine  (3,  7-Dimethylxanthine) 

Cat 

D 

15,31,95 

525 

Dog 

D 

526 

Guinea  pig 

40-100 

D 

D 

527 

Pig 

70 

D 

528 

Theophylline  (1,  3-Dimethylxanthine) 

Cat 

D 

15,53,95, 

529 

Dog        ; 

D 

210 

530 

Guinea  pig    10-100 

D 

D 

531 

Rabbit          :  200 

I 

532 

Theophylline  monoethanolamine  (Theamin) 

Cat 

D 

95 

533 

Dog 

D 

534 

Guinea  pig 

10-15 

D 

535 

Theophylline  sodium  acetate  (Theocin) 

Dog 

10-60 

D 

50 

536 

Guinea  pig 

D 

537 

Thymine  (5-Methyluracil) 

Guinea  pig 

10-100 

I 

15 

538 

Thymoxyethyldiethylamine  (929  F) 

Guinea  pig 

C 

5 

C 

186,188 

539 

Thyroid  extract 

Cat 

(D) 

62 

540 

Rabbit 

(D) 

541 

Thyroxine 

Frog 

0.001-0.01 

c 

6 

542 

d-  Tubocurarine 

Man 

400 

D 

15,114 

543 

Dog 

0.3 

A 

544 

Trasentine  (Adiphenine;  Diethylamino- 
ethyl  diphenylacetate) 

Guinea  pig 

10 

I 

43,99 

545 

T  ribromoe  thanol 

Dog 

I 

92 

546 

Trichloroethanol 

Dog 

I 

92 

547 

Trimethylamine 

Dog 

D 

37 

548 

Trimethyl(2-aminoethyl)ammoniura  chloride 

Rabbit 

C 

107 

549 

Trimethyl(2-chloroethyl)amraoniura 
chloride 

Rabbit 

C 

107 

211 
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A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,  and  the  original  literature  should 
be  consulted. 


Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

550 

Trimethyl(2-raethylaminoethyl)aramonium 
chloride 

Rabbit 

C 

107 

551 

Tripelennamine  (Pyribenzamine;  N-(2- 
Pyridyl)-N-benzyl-N',  N'-dimethyl- 
ethylenediamine ) 

Cat 

0.2-10 

C 

60 

552 

Dog 

1 

c 

553 

Guinea  pig 

0.4-300 

C 

554 

Guinea  pig 

1000 

D 

555 

Typhobacterin 

Guinea  pig 

c 

35 

556 

Uracil  (2,  4-Dioxopyrimidine) 

Guinea  pig 

<10 

I 

15 

557 

Urea 

Guinea  pig 

<1000 

I 

15 

558 

Urethane  (Ethyl  urethane,   q.v.) 

Cat 

D 

D 

31,56,80,81, 

559 

Guinea  pig 

10,000 

D 

84,190 

560 

Pig 

D 

561 

Rabbit 

5,000-10,000 

D 

562 

Sheep 

5,000-10,000 

D 

563 

Uric  acid 

Guinea  pig 

200-400 

I 

IS 

564 

Venom  of  Crotalus  atrox 

Cat 

C 

211 

565 

Guinea  pig 

C 

566 

Venom  of  E>enisonia  superba 

Cat 

(C) 

211 

567 

Guinea  pig 

(C) 

568 

Venom  of  Naia  naia 

Cat 

c 

211 

569 

Guinea  pig 

c 

570 

Veratrine 

Cat 

10-30 

c 

0.3 

c 

10,39,77,80, 

571 

Dog 

3 

D 

127 

572 

Ox 

<300 

I 

573 

Frog 

1-10 

D 

574 

Visammin 

Dog 

D 

212 

575 

Pig 

D 

576 

Xanthine  (2,  6-Dioxopurine) 

Cat 

D 

15,31,95 

577 

Dog 

D 

578 

Guinea  pig 

<10 

I 

D 

579 

Pig 

0.5-1 

D 

580 

Xysmalobinum 

Cat 

0.25 

C 

213 

581 

Zinc  sulphate 

Frog 

600-3000 

c 

10 

Contributor:    Hawkins,   D.  F. 
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134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI 

Drugs  are  listed  to  illustrate,   as  far  as  possible,   the  relationship  between  chemical  structure  and  pharmacological 
action.    Inclusion  of  trade  names  is  for  informative  purposes  only  and  in  no  way  implies  endorsement  by  The  National 
Academy  of  Sciences-The  National  Research  Council.    For  all  "effects"  included  in  this  table,  there  is  reasonable 
evidence  the  drug  in  fact  acted  on  the  bronchial  musculature.    Where  there  was  evidence  that  an  effect  was  medi- 
ated by  the  respiratory  center  or  adrenal  glands,  it  was  excluded.    Drug  actions  influencing  only  anaphylactic  or 
asthmatic  bronchospasm,  or  other  pathological  states  of  the  bronchi,  were  also  excluded.    Concentrations  of  drugs 
are  given  in  mjig/ml  for  local  actions  on  isolated  preparations,  and  doses  in  (ig/kg  for  drugs  administered 
systemically.    Parentheses  in  Columns  D  and  F  indicate  action  is  slight,  irregular,  or  doubtful,  and  the  original 
literature  should  be  consulted.    A  =  active,  but  action  complex  (original  literature  should  be  consulted);  C  = 
constricts;  D  =  dilates:  I  =  inactive. 


r'nmnniinH 

Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

m|ig/ml 

Action 

l*g/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

l-Phenyl-2-amino  Alkanes  and  Alkanols 

1 

1 

1  -Phenyl-2-amino-ethane  (p-Phenyl- 
ethylamine) 

Cat 

2000 

D 

1-4 

2 

Dog 

2000 

D 

3 

Guinea  pig 

I 

2,000- 
2t),000 

(C) 

4 

Rabbit 

I 

5 

l-Phenyl-2-amino-ethanol  (Phenyl- 
ethanolamine) 

Cat 

(I) 

3,5,6 

6 

Dog 

(I) 

7 

Guinea  pig 

D 

10,000 

D 

8 

Rabbit 

2000-4000 

D 

9 

1- Phenyl- 2 -isopropylamino-ethanol 
(WIN  5528;  859) 

Guinea  pig 

D 

5,8,9 

10 

l-Phenyl-2-amino-propane  (Ampheta- 
mine; Benzedrine) 

Cat 

1000-2000 

D 

2,7,10-15 

11 

Dog 

400,000 

C 

2,000- 
10,000 

(D) 

12 

Guinea  pig 

C 

C 

13 

Guinea  pig 

250,000 

D 

10,000 

(D) 

14 

d-1 -Phenyl- 2- methylamino-propane 
(Methamphetamine;   Methedrine) 

Cat 

;              I 

(D) 

11,16 

15 

Guinea  pig 

1000-5000 

D 

16 

Guinea  pig 

100,000 

(c) 

17 

1- Phenyl- 2 -dimethylamino-propane 

Cat 

1000 

D 

11 

18 

1- Phenyl- 2- benzylamino- propane 

Cat 

1000 

D 

11 

19 

1- Phenyl- 2-amino-propanol  (Mydriatin; 
Norephedrine;  Propadrine) 

Dog 

5000 

I 

3,10,14 

20 

Guinea  pig 

C 

21 

Rabbit 

4500 

D 

22 

1- Phenyl- 2-methylamino-propanol 

(dl-Ephedrine,    Ephetonin,   Racephedrine) 

Dog 

2000 

D 

17,26 

23 

Frog 

400.000 

24 

^-1 -Phenyl- 2-methylainino-propanol 
(Ephedrlne) 

Man 

5,000-100,000 

D 

500-600 

D 

3,7,10 

25 

Cat 

1,000-100.000 

D 

1000-1500 

D 

14-16, 

26 

Dog 

10,000 

D 

1,000- 
10,000 

D 

18-41, 
43,44, 

27 

Guinea  pig 

1,000-10,000 

D 

5,000- 
70,000 

(I) 

46-49, 
51 

28 

Guinea  pig 

400,000- 
1,000,000 

(C) 

29 

Rabbit 

100,000- 
1,000,000 

A 

4000-6000 

D 

30 

Rat 

10,000 

D 

31 

Frog 

400,000 

D 

32 

Y-l-PhenyI-2-methylamino-propanol 
(Pseudo-ephedrine) 

Cat 

D 

16,39.40, 

33 

Dog 

D 

2000 

D 

46,47 

34 

Guinea  pig 

2,000- 
100,000 

D 

35 

Guinea  pig 

500,000 

(C) 

3b 

Rabbit 

10,000 

D 

37 

Rabbit 

100,000- 
500,000 

C 

38 

d-T(r-l-Phenyl-2-methylamino-propanol 
(d- Pseudo-ephedrine) 

Guinea  pig 

20,000 

D 

7 

39 

2^-1 -Phenyl- 2 -dimethylamino-propanol 
(N-Methyl-ephedrine) 

Cat 

D 

18 

40 

J^-1 -Phenyl- 2- (ethyl-methylamino)- 
propanol  (N-Ethyl-ephedrine) 

Cat 

D 

D 

18,20 

41 

Dog 

5000 

D 

42 

Guinea  pig 

D 

43 

Rabbit 

D 
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134.  SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE 
A  =  active,  but  action  complex  (original  literature  should  be  consulted);  C  =  constricts 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,  irregular,  or  doubtful,  and 
be  consulted. 


BRONCHI  (Continued) 
;  D  =  dilates;  I  =  inactive, 
the  original  literature  should 


Species 

Effect 

Compound 
(Synonym) 

Local 

Systemic 

Reference 

miig/ml 

Action 

(ig/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

I- Phenyl- 2-amino  Alkanes  and  Alkanols  (concluded) 

44 

1;1 -Phenyl- 2- [(p-hydroxyethyD- methyl- 
amino]-propanol  (N-Ethanol-ephedrine) 

Cat 

I 

18 

45 

l-Phenyl-2-(diethylaminoethyl-methyl- 
amino)-propanol  (Isalon) 

Cat 

5,000- 
10,000 

D 

19,50,51 

46 

Dog 

10,000 

D 

47 

Guinea  pig 

D 

48 

Rabbit 

D 

49 

l-Phenyl-2-(dibutylaminoethyl-methyl- 
amino)-propanol 

Rabbit 

D 

19 

50 

1^- 1  -  Phenyl-  2-  (propyl-methylamino)  -propanol 
(N-  Propyl-ephedrine) 

Cat 

1 

18 

51 

1^-1 -Phenyl- 2- (isopropyl-methylamino)- 
propanol  (N-Isopropyl-ephedrine) 

Cat 

I 

18 

52 

l-Phenyl-2-[(p-hydroxypropyl)-methyl- 
amino]-propanol  (S  166) 

Guinea  pig 

I 

52 

53 

1  -  Phenyl-  2  -[  (p-  hydroxypropyl)-  methyl- 
amino]-propanol  methiodide  (S  164) 

Guinea  pig 

I 

52 

54 

J^-l-Phenyl-2-(butyl-methylamino)-propanol 
(N-Butyl-ephedrine) 

Cat 

I 

18 

55 

l-Phenyl-2-diethylamino-propanol 
(N,N-Diethyl-norephedrine) 

Cat 

5,000 

D 

18 

56 

l-Phenyl-2 -amino- butane 

Guinea  pig 

I 

1 

57 

2- Phenyl- 3-methylamino- butanol 

Guinea  pig 

30,000 

I 

7 

l-(m-Hydroxyphenyl)- 2-amino  Alkanols 

58 

l-(m-Hydroxyphenyl)-2-amino-ethanol 
(WIN  5501) 

Guinea  pig 

D 

5 

59 

l-(m-Hydroxyphenyl)-2-methylamino- 
ethanol  (Adrianol;  Neosynephrine; 
Phenylephrine;  m-Sympatol) 

Cat 

150-1000 

D 

5.53,54, 

60 

Dog 

30 

I 

56 

61 

Guinea  pig 

D 

D 

62 

1  -  (m  -Hy  droxyphenyl)  -  2  -  propylamino- 
ethanol  (N-Propyl-noradrianol) 

Dog 

I 

54 

63 

l-(m-Hydroxyphenyl)-2-isopropylamino- 
ethanol  (WIN  5507;  539) 

Guinea  pig 

D 

D 

5,9 

64 

1  -  (m  -  Hydr  oxyphe  nyl)  -  2  -am  ino-propanol 
(m-Oxynorephedrine) 

Dog 

500-5000 

I 

10,14,41 

65 

Guinea  pig 

D 

66 

l-l-(m-Hydroxyphenyl)-2-methylamino- 

Dog 

1000-5000       (D) 

10,14,41 

67 

propanol  (m-Oxyephedrine) 

Guinea  pig 

(D) 

68 

l-(m-Hydroxyphenyl)-2-isopropylamino- 
propanol 

Dog 

200 

I 

57 

69 

1  -  (m -Hy  droxyphenyl) -2  -  benzylamino- 
propanol 

Dog 

5000 

C 

57 

70 

l-(m-Hydroxyphenyl)-ta-phenylethylamino)- 
propanol 

Dog 

10,000 

I 

57 

71 

1  -  (ra  -  Hydroxyphenyl )-  2  -  (a  -  methyl-  y  -phenyl- 
propylamino)-propanol 

Dog 

65 

D 

57 

l-(p-Hydroxyphenyl)-2-amino  Alkanes  and  Alkanols 

72 

l-(p- Hydroxyphenyl)- 2-amino-ethane 
(Tyramine) 

Cat 

(A) 

100- 
20,000 

(D) 

2,3,16, 
58-67 

73 

Dog 

100,000 

C 

2.000- 
20,000 

(D) 

74 

Guinea  pig 

4000-8000 

D 

40,000 

D 

75 

Guinea  pig 

1,000,000 

C 

100,000 

(C) 

76 

Monkey 

(D) 

77 

Ox 

100,000 

C 

78 

Rabbit 

2500 

(D) 

79 

l-(p-Hydroxyphenyl)-2-dimethylamino- 
ethane  (Hordenine) 

Dog 

4000 

D 

42,64 

80 

Rabbit 

2,000- 
15,000 

D 
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134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

Compound 

Local 

Systemic 

Reference 

(Synonym) 

m(ig/ml 

Action 

jig/kg        Action 

(A) 

(B) 

(C) 

(D 

(E)               (F) 

(G) 

l-(p-Hydroxyphenyl)-2-amino  Alkanes  and  Alkanols  (continued) 

81 

l-(p-Hydroxyphenyl)  -2-amino-ethanol 
(Norsympatol;  WIN  5512;  582) 

Cat 

D 

5,8,68 

82 

Guinea  pig 

(D) 

83 

l-(p-Hydroxyphenyl)-2-methylamino- 
ethanol  (Synephrine;  Synnpatol) 

Cat 

1,500- 
30,000 

D 

5,8,34,48, 
54,69, 

84 

Dog 

500 

(D) 

70 

85 

Guinea  pig 

D 

12,000 

D 

86 

Rabbit 

30,000 

D 

87 

1  - 1  -  (p-  Hydroxyphenyl)-2-methylamino- 
ethanol  (1 -Synephrine) 

Cat 

750 

D 

48,55 

88 

Dog 

(I) 

89 

1  -  (p-  Hydroxyphenyl)-  2-  ethylam  ino- 
ethanol  (573) 

Guinea  pig 

D 

8 

90 

l-(p- Hydroxyphenyl) -2 -diethylamino-ethanol 

Cat 

D 

68 

91 

l-{p- Hydroxyphenyl)- 2 -propylamino-ethanol 
(579) 

Guinea  pig 

D 

8 

92 

l-(p-Hydroxyphenyl)-2-isopropylamino- 
ethanol  (Isopropyl-norsympatol;  WIN  833) 

Dog 

30-500 

D 

5,8,9.54 

93 

Guinea  pig 

D 

D 

94 

1  -  (p-  Hydroxyphenyl)-  2  -  bu  tylam  ino- 
ethanol  (570) 

Guinea  pig 

D 

8 

95 

l-(p-Hydroxyphenyl)-2-isobutylamino- 
ethanoli643) 

Guinea  pig 

D 

8 

96 

I-(p-Hydroxyphenyl)-2-sec.-butylamino- 
ethanol  (661) 

Guinea  pig 

D 

8 

97 

1  -  (p-  Hydroxyphenyl)  -  2  -  tert .-  butylamino- 
ethanol  (651) 

Guinea  pig 

(D) 

8 

98 

l-(p-HydroxyphenyI)-2-amino-propane 

Cat 

2,000- 
20,000 

D 

2 

99 

Dog 

2,000- 
20.000 

D 

100 

Guinea  pig 

I 

101 

l-(p- Hydroxyphenyl)- 2-methylamino- 
propane  (Veritol;  Paredrinol; 
Pholedrine) 

Dog 

I 

7.57 

102 

Guinea  pig 

20.000 

(D) 

103 

1  - (p- Hydroxyphenyl)- 2-  (q,  a-diraethyl- 
p-phenylethylamino- propane 

Dog 

I 

57 

104 

l-(p- Hydroxyphenyl)- 2-phenylpropyIaraino- 
propane 

Dog 

C 

57 

105 

l-(p- Hydroxyphenyl)- 2-  (a- methyl- y  - 
phenylpropylaraino)- propane 

Dog 

C 

57 

106 

l-(p- Hydroxyphenyl)- 2 -methylamino- 
propanol  (Supifene;  Suprifen; 
p-Oxyephedrine)^ 

Dog 

5000 

I 

7.10,57.69 

107 

Guinea  pig 

3,000- 
10,000 

D 

108 

l-(p-Hydroxyphenyl)-2-isopropylamino- 
propanol 

Dog 

200 

C 

57 

109 

1  -  (p  -  Hydroxyphenyl)  -  2  -  benzylamino- 
propanol 

Dog 

5.000 

C 

57 

110 

l-{p-Hydroxyphenyl)-2-(a-phenyl-ethyl- 
amino)-propanoI 

Dog 

10,000 

I 

57 

111 

1  -  (p-  Hydroxyphenyl)-  2-  (p-  phenylethylamino)- 
propanol 

Dog 

400 

D 

57 

112 

l-(p- Hydroxyphenyl)- 2- (a -methyl- p-phenyl- 
ethylamino)-propanol 

Dog 

200 

D 

57 

113 

l-(p-HydroxyphenyI)-2-(Y  -phenylpropyl- 
amino)-  propanol 

Dog 

160 

D 

57 

114 

I  -  (p-  Hydroxyphenyl)-  2  -  (a  -  methyl-  -y  - 
phenylpropylamino)- propanol 

Dog 

100 

D 

57 

115 

1  -  (p-  Hydroxyphenyl)-  2  -  [  a  -  methyl-  Y  - 
(p-methoxyphenyl)-propylamino]- 
propanol 

Dog 

1000 

D 

57 

116 

1  -  (p-  HydroxyphenyI)-2  -  (a  -  methyl-  S  - 
phenylbutylamino)-propanol 

Dog 

1000 

D 

57 

217 


134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Compound 
(Synonym) 

Species 

Effect 

Reference 

Local 

Systemic 

mjig/ml 

Action 

l^g/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

l-(p-Hydroxyphenyl)-2-aniino  Alkanes  and  Alkanols  (concluded) 


117 

l-(p-Hydroxyphenyl)-2-methylamino- 
butane 

Dog 

1 

57 

118 

l-(p-Hydroxyphenyl)-2-(Y-phenylpropyl- 
amino)-butanol 

Dog 

300 

D 

57 

119 

1  -  (p-  Hydroxyphenyl)-2-  (o  -  methyl-  y  -phenyl- 
propylamino)-butanol 

Dog 

100 

D 

57 

120 

l-(p-Hydroxyphenyl)-2-(i  -phenylbutylamino)- 
butanol 

Dog 

1000 

D 

57 

l-(3,4-Dihydroxyphenyl)-2-amino  Alkanes  and  Alkanols 

121 

l-(3,4-Dihydroxyphenyl)-2-amino-ethane 

Cat 

D 

2 

122 

Dog 

D 

123 

Guinea  pig 

D 

124 

3,4-Dihydroxyphenyl-alanine 

Rabbit 

20,000 

I 

3 

125 

l-(3,4-Dihydroxyphenyl)-2-methylamino- 
ethane  (Epinine) 

Cat 

100-500 

(D) 

10,14,41, 

126 

Dog 

400-1000 

D 

61-64, 

127 

Guinea  pig 

D 

71,72 

128 

Rabbit 

100-500 

(D) 

129 

l-(3,4-Dihydroxyphenyl)-2-isopropylamino- 
ethane  (0-4;1554) 

Guinea  pig 

D 

100 

D 

71-73 

130 

l-(3,4-Dihydroxyphenyl)-2-amino-ethanol 

Man 

1000 

D 

10,16,32, 

131  1       (Arterenol;  Noradrenaline) 

Cat 

50-250 

D 

41,71, 

132 

Dog 

40-200 

D 

73-V6 

133 

Guinea  pig 

100-1000 

D 

30-250 

D 

134 

d-l-(3,4-Dihydroxyphenyl)-2-amino-ethanol 
(d-Arterenol) 

Guinea  pig 

D 

1000 

D 

77 

135 

1  - 1  -  ( 3 ,4  -  Dihydroxyphenyl)  -  2-amino-ethanol 

Man 

1000 

D 

9.16.38, 

136         (1-Arterenol;  Levarterenol) 

Cat 

10-100 

D 

77-79 

137 

Dog 

40 

D 

(1) 

138 

Guinea  pig 

50-500 

D 

50-100 

D 

139 

Rabbit 

1000 

D 

140 

Rat 

100 

D 

141 

l-(3,4-Dihydroxyphenyl)-2-methylamino- 
ethanol(dl- Epinephrine;  Vaponephrin) 

Guinea  pig 

100-120 

D 

71.75 

142 

2.-l-(3,4-Dihydroxyphenyl)-2-methylamino- 
ethanol  (Epinephrine;  Adrenalin;  Supra- 
renin) 

Man 

10-100 

D 

10 

D 

3,13,16, 

143 

Cat 

1-100 

D 

2-2500 

D 

21,25,26. 

144 

Dog 

5-100,000 

D 

0.5-300 

D 

30,32,36, 

145 

Guinea  pig 

1-100,000 

D 

0.5-500 

D 

38,43,47, 

146 

Monkey 

D 

54,55,58, 

147 

Ox 

300-4000 

D 

60,62-64, 

148 

Pig 

1,600-10,000 

D 

73,74,77, 

149 

Rabbit 

1000-2000 

(D) 

2-100 

(D) 

81-112 

150 

Rat 

10-100 

D 

151 

Sheep 

2000 

D 

152 

Frog 

200-10,000 

D 

1000 

D 

153 

l-(3,4-Dihydroxyphenyl)-2-dimethylamino- 
ethanol  (Methadren;  N-Methyl-adrenaline) 

Dog 

400 

D 

113 

154 

Guinea  pig 

D 

155 

l-(3,4-Dihydroxyphenyl)-2-ethylamino- 

ethanol  (N-Ethyl-arterenol;  WIN  5564;  1516) 

Dog 

0.5-3 

D 

9.54.71. 

156 

Guinea  pig 

30-50 

D 

100 

D 

73.75 

157 

1 -(3, 4 -Dihydroxyphenyl )- 2 -(p-hydroxy- 
ethylaminoj-ethanol  (JB  254) 

Dog 

7 

D 

45 

158 

1  -  (3 ,4  -  Dihydroxyphenyl)  -  2  -  propylamino- 

Dog 

0.5-7 

D 

9.54.75. 

159 
160 

ethanol  (N- Propyl -arterenol;  WIN  5587) 

Guinea  pig 

300-500 

D 

100 

D 

114 

1 -(3, 4- Dihydroxyphenyl) -2- isopropylamino- 

Man 

10 

D 

2 

D 

7.16.21.31, 

161  '        ethanol  (Isoprenaline;  Isoproterenol; 

Cat 

10 

D 

32,38,54. 

162  j       Aleudrin;  Isuprel;  Neo-epinine) 

Dog 

5-10,000 

D 

0.5-1 

D 

57.73.75, 

163  1 

Guinea  pig 

0.5-30 

D 

10-1000 

D 

114-116 

164 

Rabbit 

100 

D 

165 
166 

Rat 

10 

D 

l-(3,4-Dihydroxyphenyl)-2-(p-hydroxy- 
propylamlno)-ethanol  (JB  253) 

Dog 

8 

D 

45 
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134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,    or  doubtful,   and  the  original  literature  should 
be  consulted. 


Compound 

(Synonym) 

Species 

Effect 

Local 

Systemic 

Reference 

mjig/ml 

Action 

fig/kg        Action 

(A) 

(B) 

(C) 

(D) 

(E)               (F) 

(G) 

l-(3,4-Dihydroxyphenyl)- 

2-amino  Alkanes  and  Alkanols  (continued) 

167 

l-(3,4-Dihydroxyphenyl)-2-butylamino- 
ethanol  (N-Butylarterenol;  WIN  5590; 
SKF  690A;  1960) 

Dog 

5 

D 

9,16,54, 

168 

Guinea  pig 

4-10 

D 

25 

D 

71,114 

169 

1  -  (3 ,4-  Dihydroxyphenyl )-  2  -  isobutylamino 
ethanol  (WIN  5595) 

Dog 

50 

D 

9,54,114 

170 

Guinea  pig 

D 

250 

D 

171 

l-(3,4-Dihydroxyphenyl)-2-sec.-butylainlno- 
ethanol  (WIN  5559;  0-4;1424) 

Guinea  pig     30-50 

D 

25-100 

D 

9,71.73,75, 

115 

172 

i-X3,4-Dihydroxyphenyl)-2-(Q-methyl- 
propylaminq)  -  ethanol 

Dog 

0.7 

D 

57 

173 

1  -  (3 ,4-  Dihydroxyphenyl)-  2-  tert.  -  butylam  ino- 
ethanol  (WIN  5563;  1505) 

Dog 

0.4 

D 

9.57,71,75 

174 

Guinea  pig 

8-12 

D 

175 

l-(3,4-Dihydroxyphenyl)-2-amylamino- 
ethanol  (WIN  5596) 

Guinea  pig 

D 

100 

D 

9,114 

176 

1  -  (3 ,4  -  Dihydroxyphenyl)  -  2  -  (a  -  e  thylpropyl- 
amino)-ethanol  (WIN  5592) 

Guinea  pig 

D 

500 

D 

9,114 

177 

1 -(3, 4- Dihydroxyphenyl) -2- (q,P- dimethyl- 
propylamino)- ethanol  (WIN  5593) 

Guinea  pig 

D 

100 

D 

9,114 

178 

I  -  (3,4-Dihydroxyphenyl)-  2-  (a  -  methyl- 
amylamino)-ethanol  (JB  226) 

Dog 

7 

D 

45 

179 

1- (3, 4- Dihydroxyphenyl)- 2- cyclopentyl- 
amino-ethanol  (WIN  5591) 

Guinea  pig 

D 

100 

D 

9,114 

180 

l-(3,4-Dihydroxyphenyl)-2-cyclohexylamino- 
ethanol  (WIN  5  589) 

Guinea  pig 

D 

100 

D 

9,114 

181 

l-(3,4-DihydroxyphenyI)-2-p-phenyl- 
ethylamino- ethanol 

Dog 

6 

D 

57 

182 

1  -  ( 3 ,4-  Dihydroxyphenyl )-  2 -  (a  -  methyl- 
|3-phenylethylamino)-ethanol  (JB  230) 

Dog 

4 

D 

45 

183 

1  -(3 ,4-  Dihydroxyphenyl-  2-  [  a  -  methyl-p- 
(p-methoxyphenyl)e  thy  lamino]- ethanol 
(JB  245) 

Dog 

1.5 

D 

45 

184 

l-(3,4-Dihydroxyphenyl)-2-[a-methyl-p- 
(3 '  ,4 '  -  methylenedioxyphenyl)ethylamino]- 
ethanol  (JB  251) 

Dog 

2 

D 

45 

185 

1 -(3, 4- Dihydroxyphenyl)- 2- V-phenyl- 
propylamino- ethanol  (JB  246) 

Dog 

2 

D 

45,57 

186 

1- (3,4-Dihydroxyphenyl)- 2 -amino-propane 

Cat 

D 

2 

187 

Dog 

D 

188 

Guinea  pig 

D 

189 

1  -  (3 ,4-  Dihydroxyphenyl)-  2-  isopropylamino- 
propane  (SKF  364) 

Guinea  pig 

100-200 

D 

16 

190 

1 -(3, 4 -Dihydroxyphenyl) -2 -am  ino-propanol 
(Cobefrine;  Corbasil;  Dioxynorephedrine) 

Dog 

1000-3000 

D 

7,9,10,14 

191 

Guinea  pig 

D 

500 

D 

192 

1- (3, 4- Dihydroxyphenyl)- 2- me  thylamino- 
propanol  (Dioxyephedrine) 

Dog 

400 

D 

7,9,10,14 

193 

Guinea  pig 

D 

100 

D 

194 

1- (3,4-Dihydroxyphenyl)- 2- isopropylamino- 
propanol  (WIN  5570) 

Guinea  pig 

I 

9 

195 

1-  ( 3 ,4-  Dihydroxyphenyl-2-  cyclopentyl- 
amino-propanol  (WIN  3357) 

Guinea  pig 

I 

9 

196 

1-  ( 3 ,4  -  Dihydroxyphenyl)-  2  -cyclohexylamino- 
propanol  (WIN  514) 

Guinea  pig 

D 

9 

197 

l-(3,4-DihydroxyphenyI)-2-phenyl- 
propylamino-propanol 

Dog 

3 

D 

57 

198 

l-(3,4-Dihydroxyphenyl)-2-(a-methyl- 
Y  -  phenylpropy  lamino )-  propanol 

Dog 

10 

(D) 

57 

199 

1 -(3,4- Dihydroxyphenyl)- 2 -amino- butanol 
(Ethyl-norsuprarenin;  Butane frine) 

Dog 

1000 

(D) 

9,10,14,41,78 

200 

Guinea  pig 

D 

D 

201 

1  -( 3 ,4-  Dihydroxyphenyl)- 2-  isopropylamino- 
butanol  (WIN  3046) 

Dog 

D 

9,78 

202 

Guinea  pig 

D 

D 

203 

l-(3,4-Dihydroxyphenyl)-2-cyclopentyl- 
amino-butanol  (WIN  515) 

Dog 

D 

9,78 

204 

Guinea  pig 

D 

D 
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134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

(Synonym) 

Local 

Systemic 

Reference 

mjig/ml 

Action 

fg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

l-(3,4-Dihydroxyphenyl)-2-amino  Alkanes  and  Alkanols  (concluded) 

205 

l-(3,4-Dihydroxyphenyl)-2-cyclohexylamino- 
butanol  (WIN  713) 

Guinea  pig 

D 

D 

9,78 

20b 

l-(3,4-(Dihydroxyphenyl)-2-(a-methyl- 
Y-phenyl-propylamino)-butanol 

Dog 

40 

D 

57 

207 

l-(3,4-Dihydroxyphenyl)-2-amino-pentanol 
(WIN  3356) 

Guinea  pig 

I 

9 

208 

l-(3,4-Dihydroxyphenyl)-2-isopropylamino- 
pentanol  (WIN  -3243) 

Guinea  pig 

I 

9 

209 

1  -  ( 3 ,4  -  Dihydroxyphenyl )-  2-  cyclopentyl- 
amino-pentanol  (WIN  3242) 

Guinea  pig 

(D) 

9 

210 

1  -  (3 ,4  -  Dihydroxyphenyl)  -  2 -cyclohexylam  ino- 
pentanol  (WIN  3269) 

Guinea  pig 

I 

9 

211 

1- (3, 4 -Dihydroxyphenyl)- 2- isopropylamino- 
isopentanol  (WIN  3204) 

Guinea  pig 

(D) 

9 

212 

1  -( 3 ,4  -  Dihydroxyphenyl )-  2  -  cyclopentyl- 
amino-isopentanol  (WIN  3434) 

Guinea  pig 

I 

9 

Other  Ring-substituted  l-phenyl-2-amino  Alkanes  and  Alkanols 

213 

l-(o-Methylphenyl)-2-amino-propane 

Guinea  pig 

250.000 

D 

1 

12 

214 

l-(m-Methylphenyl)-2-amino-propane 

Guinea  pig 

250,000 

D 

12 

215 

l-(m-Methylphenyl)-2-amino-propanol 

Dog 

500-1000         I 

14,41 

21b 

Guinea  pig 

C 

217 

l-(p-Methylphenyl)-2-amino-propane 

Guinea  pig 

250,000 

D 

12 

218 

l-(2,5-Dimethylphenyl)-2-amino-propane 

Guinea  pig     250,000               i     D 

12 

219 

1- (3, 4-Diinethylphenyl)- 2- amino- propane 

Guinea  pig     250,000               !     D         ! 

12 

220 

l-(m-Methoxyphenyl)-2-amino-ethane 

Cat 

D 

27 

221 

Rabbit 

I 

222 

l-(p-Methoxyphenyl)-2-amino-ethane 

Cat 

D 

27 

223 

Rabbit 

I 

224 

l-(3,4-Dimethoxyphenyl)-2-amino-ethane 

Cat 

I 

27 

225 

Rabbit 

I 

22b 

l-(3,4-Methylenedioxyphenyl)-2-amino- 
ethane 

Cat 

100,000 

D 

27 

227 

Rabbit 

I 

228 

l-(o-Methoxyphenyl)-2-amino-propane 

Rabbit 

I 

29 

229 

l-(o-Methoxyphenyl)-2-methylamino- 
propane  (Orthoxine) 

Man 

5000              1     D 

21,23,29, 

230 

Guinea  pig 

60,000          i     D 

117 

231 

l-(o-Methoxyphenyl)-2-diniethylainino- 
propane 

Rabbit 

D 

29 

232 

l-(o-Methoxyphenyl)-2-benzylamino- 
propane 

Rabbit 

D 

29 

233 

l-(m-Methoxyphenyl)-2-amino-propane 

Rabbit 

D 

29 

234 

l-(m-Methoxyphenyl)-2-methylamino- 
j)ropane 

Rabbit 

D 

29 

235 

1  -  (m  -M  e  thoxyphenyl)-  2  -ethylamino- 
propane 

Rabbit 

D 

29 

23b 

l-(m-Methoxyphenyl)-2-diinethylamino- 
propane 

Rabbit 

D 

29 

237 

1  -  (m  -M  ethoxyphenyl)-  2-  benzylamino- 

propane 

Rabbit 

D 

29 

238 

1  -(p- Me  thoxyphenyl)- 2-amino-propane 

Rabbit 

D 

29 

239 

l-(p-M  ethoxyphenyl)- 2-methylamino- 
propane 

Rabbit 

(D) 

29 

240 

l-lp-Methoxyphenyl)-2-ethylamino-propane 

Rabbit 

I 

29 

241 

l-(p-Methoxyphenyl)-2-dimethylamino- 
propane 

Rabbit 

D 

29 

242 

1  -  (p-  Methoxyphenyl)-  2  -  benzylamino- 
propane 

Rabbit 

D 

29 

243 

l-(o-Me  thoxyphenyl)- 2-ainino-propanol 

Dog 

1000 

I 

14,41 

244 

Guinea  pig 

C 

220 


134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,  but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Compound 
(Synonym) 

Species 

Effect 

Local 

Systemic 

Reference 

miig/ml 

Action 

l^g/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Other  Ring-substituted  1-phenyl-Z-amino  Alkanes  and  Alkanols  (concluded) 


245 

l-(o-Hydroxyphenyl)-2-(a-methyl-Y-phenyl- 
propylamino)-propanol 

Dog 

2500 

D 

57 

246 

l-(3,4-Dihydroxy-6-methyl-phenyl)-2- 
methylamino-ethanol  (6-Methyl- 
adrenaline) 

Guinea  pig 

D 

119 

247 

l-(3-Methyl-4-hydroxy-phenyl)-2-amino- 
propanol 

Dog 

1000 

I 

14,41 

248 

Guinea  pig 

D 

249 

l-(3-Hydroxy-4-methoxy-2-aUyl-phenyl)- 
2-amino-propane 

Cat 

2000 

D 

118 

250 

l-(m-Aminophenyl)-2-isopropylamino- 
ethanol  (WIN  5503) 

Guinea  pig 

C 

9 

251 

1  -  (p  -  Aminophenyl)  -  2  -  methylam  ino-propanol 
(Ephetonal;  p-Amino-ephedrine) 

Dog 

1000-5000 

(I) 

10,14,41 

252 

Guinea  pig 

D 

253 

1  -(m  -  Fluorophenyl)-2  -  isopropylamino- 
ethanol  (WIN  5505) 

Guinea  pig 

I 

9 

2 -Phenyl- 1 -amino  Propane s 

254 

2-Phenyl-l-amino-propane 

Guinea  pig 

(c) 

120 

255 

2-Phenyl- 1  -methylamino-propane 

Dog 

1000-5000 

D 

15 

256 

2-(o-Hydroxyphenyl)-  1  -amino-propane 

Guinea  pig 

D 

120 

257 

2-(m-Hydroxyphenyl)- 1 -amino-propane 

Guinea  pig 

I 

120 

258 

2-(p-Hydroxyphenyl)-l -amino-propane 

Guinea  pig 

(C) 

120 

259 

2 -(2, 3- Dihydroxyphenyl)-l- amino-propane 

Guinea  pig 

I 

120 

260 

2-(2,4-Dihydroxyphenyl)-  1 -amino-propane 

Guinea  pig 

I 

120 

261 

2 -(2,5-Dih^droxyphenyl)-l -amino-propane 

Guinea  pig 

I 

120 

262 

2 -(2,6-Dihydroxyphenyl)-l -amino-propane 

Guinea  pig 

D 

120 

263 

2-(3,4-Dihydroxyphenyl)-l -amino-propane 

Guinea  pig 

(C) 

120 

264 

2-(3,5-Dihydroxyphenyl)-l -amino-propane 

Guinea  pig    1 

I 

120 

265 

2-(o-Methoxyphenyl)-  1 -amino-propane 

Guinea  pig 

I 

120 

266 

2-(m-Methoxyphenyl)-  1 -amino-propane 

Guinea  pig 

D 

120 

267 

2 -(p-Methoxyphenyl)-l -amino-propane 

Guinea  pig 

D 

120 

268 

2  -  (2 , 3-Dim  ethoxyphenyl)  - 1  -am  ino-propane 

Guinea  pig 

I 

120 

269 

2- (2 ,4-Dimethoxyphenyl)-l -amino- propane 

Guinea  pig 

D 

120 

270 

2  -  ( 2 , 5  -  Di  me  thoxypheny  1 )- 1-  amino-propane 

Guinea  pig 

D 

120 

271 

2-(2,6-Dimethoxyphenj'l)-l-amino-propane 

Guinea  pig 

D 

120 

272 

2 -(3, 4 -Dim  ethoxyphenyl)-! -amino-propane 

Guinea  pig 

I 

120 

273 

2- (3, 5-Dimethoxyphenyl)- 1 -amino-propane 

Guinea  pig 

D 

120 

Ketones 

274 

l-(o-Hydroxyphenyl)-l-oxo-2-(a-methyl- 
Y  -phenyl-prqpylamino)-propane 

Dog 

40,000 

I 

57 

275 

l-(m-Hydroxyphenyl)-l-oxo-2- 
isopropy  lam  ino-propane 

Dog 

1000 

D 

57 

276 

l-(m-Hydroxyphenyl)-l-oxo-2-benzylamino- 
propane 

Dog 

5000 

I 

57 

277 

l-(m-Hydroxyphenyl)-l-oxo-2-(a-methyl- 
Y-phenyl-propylamino)-propane 

Dog 

2000 

D 

57 

278 

l-(p-Hydroxyphenyl)-  l-oxo-2- 
isopropylamino-propane 

Dog 

2000 

C 

57 

279 

1-  (p-Hydroxyphenyl)-l-oxo-2-(a-phenyl- 
ethylamino) -propane 

Dog 

40,000 

I 

57 

280 

l-(p-Hydroxyphenyl)-l-oxo-2-(Q-methyl- 
■V-phenyl-propylamino)-propane 

Dog 

2000 

I 

57 

281 

l-(p-Hydroxyphenyl)-l-oxo-2-(a-methyl- 
Y  -phenyl  -propylamino)  -  butane 

Dog 

2000 

D 

57 

282 

l-(p-Hydroxyphenyl)-l-oxo-2-phenylbutyl- 

amino- butane 

Dog 

50,000 

I 

57 

283 

1- (3, 4-Dihydroxyphenyl)- 1-0X0-2- 
methylamino-ethane  (Adrenalone; 
Kephrine;  Stryphnon) 

Guinea  pig 

D 

10,000 

(I) 

3,7,71,72 

284 

Rabbit 

500 

D 

285 

1 -(3, 4-Dihydroxyphenyl)- I -oxo-2- 
isopropylamino-ethane  (1590) 

Guinea  pig 

D 

71 

286 

l-(3,4-Dihydroxyphenyl)-l-oxo-2- 

(q  -  methyl-  y  -  phenylpropylamino)-ethane 

Dog 

140 

(D) 

57 

221 


134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,  and  the  original  literature  should 
be  consulted.  


Compound 
(Synonym) 


(A) 


Species 


(B) 


Effect 


Local 


mtig/ml 


(C) 


Action 


(D) 


Systemic 


Hg/kg       Action 


(E) 


(F) 


Reference 


(G) 


Ketones  (concluded) 


287 

l-(3,4-Dihydroxyphenyl)-l-oxo-2- 
isopropylamino- propane 

Dog 

65 

D 

57 

288 

1-  (3,4-Dihydroxyphenyl)-l-oxo-2- 
benzylamino- propane 

Dog 

3500 

D 

57 

289 

1  -  ( 3 ,4  -  Dihydroxyphenyl )- 1  -  oxo-  2  - 
(a-phenylethylamino)-propane 

Dog 

5000 

D 

57 

290 

1  -  ( 3 ,4  -  Dihydroxyphenyl )- 1  -  oxo-  2  - 
(p-phenylethylaraino)-propane 

Dog 

300 

D 

57 

291 

1  -  ( 3 ,4  -  Dihydroxyphenyl)-  1  -  oxo-  2-  (a ,  a  - 
dimethyl- p-phenyle  thy  lamino)- propane 

Dog 

1500 

D 

57 

292 

I  -  ( 3 ,4-  Dihydroxyphenyl )- 1  -  oxo-  2  - 
(Y-phenylpropylamino)-propane 

Dog 

90 

D 

57 

293 

I  -  ( 3 ,4  -  Dihydroxyphenyl )-  1  -  oxo-  2  -  (a  - 
methyl- Y  -phenylpropylamino)-propane 

Dog 

65 

D 

57 

294 

1  -  ( 3 ,4  -  Dihydroxyphenyl )-  1  -  oxo-  2  - 
isopropylamino- butane 

Dog 

650 

D 

57 

295 

I -(3, 4 -Dihydroxyphenyl)- 1 -oxo- 2- 
(a-raethyl- Y  -phenylpropylamino)- 
butane 

Dog 

1000 

1 

57 

Hydroxyphenyl  Ethylenediamines 

296 

m-Hydroxyphenyl-ethylenediamine  (Nu  1896) 

Guinea  pig 

20,000 

D 

36 

297 

l-(m -Hydroxyphenyl)- N'^-methyl- 
ethylenediamine  (Nu  1683) 

Guinea  pig 

2000 

D 

36 

298 

d-l-(m-Hydroxyphenyl)-N''-methyl- 
ethylenediamine  (Nu  2013) 

Guinea  pig 

1000 

D 

36 

299 

1  - 1 -(m- Hydroxyphenyl) -N^-methyl- 
ethylenediamine  (Nu  2014) 

Guinea  pig 

4000 

D 

36 

300 

3,4-Dihydroxyphenyl-ethylenediamine 
(Nu  1825) 

Guinea  pig 

1000-2000 

D 

36 

301 

l-(3,4-Dihydroxyphenyl)-N^-methyl- 
ethylenediamine  (Nu  1408) 

Guinea  pig 

100-400 

D 

36 

Diphenylethylamines  and  Related  Compoun 

ds 

302 

1 ,2-Diphenylethylamine 

Dog 

5,000- 
15,000 

C 

121 

303 

Guinea  pig 

C 

304 

N-Methyl-l,2-diphenyIethyIamine 

Guinea  pig 

C 

121 

305 

N-Ethyl-  1 ,2-diphenylethylamine 

Dog 

5,000- 
15,000 

c 

121 

306 

Guinea  pig 

(D) 

307 

N-Propyl- 1 ,2-diphenylethylamine 

Guinea  pig 

C 

121 

308 

N-Isopropyl-1 ,2-diphenylethylamine 

Guinea  pig 

C 

121 

309 

N-  Isobutyl- 1 ,2-diphenylethylamine 

Guinea  pig 

c 

121 

310 

l,2-Di-(p-methoxyphenyl)-ethylamine 

Guinea  pig 

c 

121 

311 

N-Ethyl- 1, 2-di- (p-methoxyphenyl)- 
ethylamine 

Guinea  pig 

c 

121 

312 

I -Methyl- 2,6- di-(p-methoxyphenylethyl)- 
piperidine 

Guinea  pig 

D 

122 

313 

1 ,3-Diphenyl-2-amino-propanol  (Ephetonin) 

Cat 

4000 

(D) 

34,50 

Aliphatic  Amines 

314 

Methylamine 

Cat 

D) 

61.62 

315 

Rabbit 

(D) 

316 

Ethylamine 

Cat 

(D) 

61,62 

317 

Rabbit 

(D) 

318 

Amylamine 

Guinea  pig 

C 

123 

319 

Isoamylamine 

Cat 

(c) 

59,61,62 

320 

Rabbit 

(C) 

321 

1-Hexylamine 

Guinea  pig 

I 

124 

322 

2-Hexylamlne 

Guinea  pig 

I 

124 

222 


134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  (original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Species 

Effect 

(Synonym) 

Local                           Systemic 

Reference 

mug/ml 

Action 

tig/kg       Action 

(A) 

(B)                     (C) 

(D) 

(E)               (F) 

(G) 

Aliphatic  Amines  (concluded) 

323 

3-Methyl- 1  -hexylamine 

Guinea  pig  ] 

|124 

324 

2-Methyl-2-hexylamine 

Guinea  pig 

124 

325 

3-Methyl- 2 -hexylamine 

Guinea  pig 

124 

326 

4-Methyl-2-hexylamine 

Guinea  pig 

124 

327 

5-Methyl-2-hexylamine 

Guinea  pig 

124 

328 

1  -Heptylamine 

Guinea  pig 

124 

329 

2-Heptylamine  (Tuamine;  Tuaminoheptane) 

Guinea  pig 

250,000 

D 

5000 

I 

37,124,125 

330 

3-Heptylamine 

Guinea  pig 

124 

331 

4-Heptylamine 

Guinea  pig 

124 

332 

2 -Methyl- 2-heptylamine 

Guinea  pig 

250,000 

D 

125 

333 

3-Methyl- 2-heptylamine 

Guinea  pig 

250,000 

D 

125 

334 

4-MethyI-2 -heptylamine 

Guinea  pig 

250,000 

D 

125 

335 

5 -Methyl- 2 -heptylamine 

Guinea  pig 

250,000 

D 

125 

336 

6-Methyl- 2 -heptylamine 

Guinea  pig 

250,000 

D 

125 

337 

2-Octylamine 

Guinea  pig 

250,000 

D 

125 

338 

3-Octylamine 

Guinea  pig 

250,000 

D 

1Z5 

339 

2-Methyl-6-methyIamino-heptene-2  (Octin) 

Dog 

1,000- 
10,000 

(D) 

10,126 

340 

Rabbit 

1000 

D 

Alicyclic  Amines 

341 

l-Cyclopentyl-2-amino-ethane 

Guinea  pig 

I 

4 

342 

l-Cyclopentyl-2-amino-propane 

Guinea  pig 

I 

4 

343 

l-CycIopentyl-2-methyIamino-propane 

Dog 

500-1000 

D 

127 

Indane  Derivatives 

344 

2-Amino-indane 

Cat 

8000 

D 

7,34 

345 

Guinea  pig 

20,000 

D 

346 

2- Amino-indanol- 1 

Cat 

6000 

D 

87 

347 

cis-5-Hydroxy-2-amino-indanoI-l 

Cat 

1000-6000 

(D) 

34 

348 

trans-5-Hydroxy-2-amino-indanol-l 

Cat 

1000-6000 

(D) 

34 

349 

6-Hydroxy-2-amino-indanol- 1 

Cat 

5000 

(D) 

34 

350 

5,6-Methylenedioxy-2-amino-indanol-l 

Cat 

5000 

(D) 

34 

Isoquinolines  and  Related  Compounds 

351 

Tetrahydroisoquinollne 

Dog 

550-950 

I 

128 

352 

^-Hydroxy- tetrahydroisoquinoline 

Dog 

900 

C 

128 

353 

5,6-Dihydroxy-tetrahydroisoquinoUne 

Dog 

250-950 

D 

128 

354 

6, 7- Dihydroxy- tetrahydroisoquinollne 

Dog 

250-1200 

(D) 

128 

355 

6-Methoxy-tetrahydroisoquinoline 

Dog 

600-1300 

(D) 

128 

356 

6-Ethoxy- tetrahydroisoquinollne 

Dog 

600-850 

C 

128 

357 

6,7-Diethoxy-tetrahydriosoquinoline 

Dog 

700-1000 

C 

128 

358 

5 -Ethoxy- 6 -methoxy- tetrahydroisoquinollne 

Dog 

700-1000 

I 

128 

359 

6-Ethoxy- 7-methoxy- tetrahydroisoquinollne 

Dog 

700-1000 

D 

128 

360 

6-Methoxy- 7- ethoxy- tetrahydroisoquinoline 

Dog 

700 

C 

128 

361 

N-Methyl- tetrahydroisoquinollne 

Dog 

1000-3500 

D 

128 

362 

N-Methyl- 6- hydroxy- tetrahydroisoquinollne 

Dog 

600 

D 

128 

363 

N-Methyl-  5 ,6-  dihydroxy- tetrahydroiso- 
quinollne 

Dog 

600 

D 

128 

364 

N-Methyl- 6, 7- dihydroxy- tetrahydroiso- 
quinollne 

Dog 

250-650 

D 

128 

365 

N-M  ethyl- 6-methoxy- tetrahydroisoquinollne 

Dog 

600-1300 

C 

128 

366 

N-Methyl- 5, 6-dimethoxy- tetrahydroiso- 
quinoline 

Dog 

700 

C 

128 

367 

N-M  ethyl-6, 7 -dime  thoxy- tetrahydroiso- 
quinollne 

Dog 

700-1400 

I 

128 

368 

N-Methyl- 6- ethoxy- tetrahydroisoquinoline 

Dog 

70-130 

D 

128 

369 

N-Methyl- 6, 7-diethoxy- tetrahydroiso- 
quinollne 

Dog 

500-1100 

(A) 

128 

370 

N-M  ethyl- 5- ethoxy- 6-methoxy- tetrahydro- 
isoquinoline 

Dog 

700-1100 

I 

128 

371 

N-Methyl-6-methoxy-7-ethoxy-tetrahydro- 
isoquinoline 

Dog 

1000 

I 

128 

223 


134.    SYMPATHOMIMETIC  AMINES  AND  RELATED  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
A  =  active,   but  action  complex  {original  literature  should  be  consulted);  C  =  constricts;  D  =  dilates;  I  =  inactive. 
Parentheses  in  Columns  D  and  F  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Compound 
(Synonym) 

Species 

Effect 

Local 

Systemic 

Reference 

mug/ml 

Action 

Kg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

Isoquinolines  and  Related  Compounds  (concluded) 


372 

N-Methyl-6-etho3cy-7-methoxy-tetrahydro- 
isoquinoline 

Dog 

1000 

(A) 

128 

373 

6,7-Diethoxy-l-(3,4-diethoxybenzyl)- 
isoquinoline  (Perparin) 

Cat 

1,000- 
100,000 

D 

33 

374 

6,7-Dimethoxy-2-methyl-3,4-dihydroiso- 
quinolinium  chloride  (Lodal) 

Dog 

2000-5000 

D 

64 

375 

p-Tetrahydronaphthylamine 

Dog 

3000 

D 

7,64 

376 

Guinea  pig 

30,000 

D 

377 

2-(l,2.3,4-Tetrahydro-l-naphthyl)- 
imidazoline  (Tetrahydrozoline) 

Guinea  pig 

100,000- 
200.000 

I 

129 

Contributor:    Hawkins,  D.  F. 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI 

Inclusion  of  trade  names  is  for  informative  purposes  only  and  in  no  way  implies  endorsement  by  The  National 
Academy  of  Sciences-The  National  Research  Council.     For  all  "effects"  included  in  this  table,   there  is  reasonable 
evidence  the  drug  in  fact  acted  on  the  bronchial  musculature.    Where  there  was  evidence  that  an  effect  was  mediated 
by  the  respiratory  center  or  adrenal  glands,   it  was  excluded.    Similarly,    results  obtained  in  protecting  guinea  pigs 
against  lethal  doses  of  histamine  were  excluded,   unless  there  was  evidence  of  the  relief  of  bronchospasm.    Drug 
actions  influencing  only  anaphylactic  or  asthmatic  bronchospasm,   or  other  pathological  states  of  the  bronchi,   were 
also  excluded.    Concentrations  of  drugs  are  given  in  jjg/ml  for  local  action  on  isolated  preparations,   and  doses  in 
mg/kg  for  drugs  administered  systemically.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted.    C  =  constricts,    D  =  dilates,    A  =  antagonizes  active 
drug  effect,   1  =  inactive  (i.e.,    without  influence  on  effect  of  active  drug),   P  =  potentiates  active  drug  effect. 


Part  I;    PARASYMPATHOLYTICS  AND  LOCAL  ANESTHETICS 
Drugs  are  listed  alphabetically. 

Antagonist 
(Synonym ) 

Active  Drug 

Species 

Antagonist  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

Hg/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

Amylocaine 

5  -  Hydroxytryptamine 

C 

Cat 

A 

1 

Z 

Antrenyl  (Ba  5473; 
DiethyU  2  -  hydroxy- 
ethyljmethylam- 
monium  bromide 
a-phenyl-cyclohexane- 
glycollate) 

Acetylcholine 

c 

Guinea  pig 

0.1- 
1.0 

A 

2 

3 

Pilocarpine 

c 

Cat 

1.0 

A 

3 

4 

Atropine  (Tropine 
tropate) 

Acetylcholine 

c 

Man 

0.0004- 
10.0 

A 

4-7 

5 

c 

Cat 

1.0 

A 

0.01-0.04 

A 

8.9 

6 

c 

Dog 

0.1- 
10.0 

A 

0.1-1.0 

A 

10,11 

7 

c 

Guinea  pig 

O.OOl- 
20.0 

A 

0.01-1.0 

A 

12-17 

8 

c 

Monkey 

A 

18 

9 

c 

Pig 

A 

19 

10 

c 

Rabbit 

A 

20 

11 

c 

Frog 

16.0 

A 

21,22 

12 

Agar 

c 

Guinea  pig 

500-100 

0  I 

23 

13 

Amphetamine 

c 

Dog 

A 

24 

14 

Andromedotoxin 

c 

Rabbit 

10 

A 

25 

15 

Arecoline 

c 

Cat 

A 

26 

16 

c 

Dog 

0.1- 
lO.O 

A 

0.2-1.0 

A 

11,26-28 

17 

c 

Rabbit 

A 

26 

18 

1 -Benzyl- 3- p- diethyl- 
aminoethyl-5,  5- 
diallyl-  barbituric 
acid 

c 

Cat 

1.5 

I 

29 

19 

Benzyltrimethylam- 
monium  iodide 

c 

Guinea  pig 

A 

30 

20 

Carbachol 

c 

Dog 

0.1 

A 

31 

21 

Carbaminoyl-p- 
methylcholine 

c 

Dog 

0.1 

A 

32 

22 

Coniine 

c 

Guinea  pig 

10 

(A) 

8 

23 

Curarine 

c 

Cat 

I 

33 

24 

c 

Guinea  pig 

A 

34 

25 

Cytisine 

c 

Guinea  pig 

10 

I 

8 

26 

Diethylaminoethanol 

c 

Guinea  pig 

I 

35 

27 

Diethyl  morphine 

c 

Dog 

I 

I 

26.28 

28 

Diisopropylfluoro- 
phosphate 

c 

Guinea  pig 

0.01 

A 

36 

29 

N-Dimethyl-hexa- 
hydro-  isonicotinic 
acid  methyl  ester 
iodide 

c 

Cat 

0.4 

A 

37 

30 

Ephedrine 

D 

Cat 

I 

26 

31 

D 

Dog 

I 

I 

26.28 

32 

D 

Rabbit 

I 

26 

33 

c 

Rabbit 

2 

I 

38,39 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
Part  I:    PARASYMPATHOLYTICS  AND  LOCAL  ANESTHETICS  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original 
literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

34 

Atropine  (Tropine 
tropate)  (continued) 

y-  Ephedrine 

D 

Cat 

I 

26 

35 

D 

Dog 

I 

I 

26.28 

36 

D 

Rabbit 

I 

26 

37 

Epinephrine 

D 

Cat 

I 

3 

I 

26,73 

38 

D 

Dog 

I 

I 

26,28 

39 

t) 

Guinea  pig 

1-100 

I 

8 

40 

D 

Rabbit 

I 

26 

41 

Ergot 

C 

Dog 

A 

40 

42 

Ethylcholine 

C 

Dog 

A 

41 

43 

C 

Guinea  pig 

A 

41 

44 

Furmethide 

C 

Guinea  pig 

A 

30 

45 

Hexamethonium 

C 

Guinea  pig 

1-10 

I 

8 

46 

Histamine 

C 

Man 

0.01 

(A) 

42 

47 

C 

Cat 

(A) 

10 

I 

43,44 

48 

C 

Dog 

A 

1-2 

(A) 

24,28. 
45-47 

49 

c 

Guinea  pig 

1- 
1000 

A 

0.1-40.0 

A 

12,16. 
48-55 

50 

5  -  Hydroxytryptamine 

C 

Cat 

0.3 

(A) 

9,56 

51 

c 

Guinea  pig 

A 

0.3-1.3 

A 

57.58 

52 

Kalmia 

c 

Guinea  pig 

I 

59 

53 

Lobeline 

c 

Guinea  pig 

1-10 

I 

8 

54 

Methacholine 

c 

Man 

0.01 

A 

42 

55 

c 

Cat 

A 

24 

56 

C 

Dog 

A 

0.2 

A 

24.46,61 

57 

c 

Guinea  pig 

0.01-3.0 

A 

16,50,51,62 

58 

Miotine 

C 

Cat 

A 

63 

59 

Morphine 

c 

Dog 

I 

I 

26,28 

60 

Muscarine 

c 

Cat 

A 

0.5-20.0 

A 

44,64,65 

61 

c 

Dog 

0.2-0.5 

A 

40.66 

62 

c 

Guinea  pig 

A 

67 

63 

c 

Pig 

3-200 

A 

68,69 

64 

c 

Frog 

A 

22 

65 

Nicotine 

c 

Cat 

1 

A 

8 

66 

c 

Guinea  pig 

0.1-1.3 

A 

16 

67 

D 

Guinea  pig 

1-100 

A 

8 

68 

Norepinephrine 

D 

Guinea  pig 

1-100 

I 

8 

69 

Peptone 

c 

Dog 

0.2 

I 

46 

70 

c 

Guinea  pig 

500 

A 

23.70 

71 

Physostigmine 

c 

Cat 

A 

0.3 

A 

26,64,71 

72 

c 

Dog 

0.1-10 

A 

0.4 

A 

11,24,26,28 

73 

c 

Guinea  pig 

0.01 

A 

36 

74 

c 

Rabbit 

A 

0.5 

A 

26,40 

75 

Pilocarpine 

c 

Cat 

A 

0.5-3.0 

A 

26,66,72, 
74,75 

76 

c 

Dog 

2 

A 

0.1-0.8 

A 

24,26,28, 
40,47, 
76-80 

77 

c 

Guinea  pig 

A 

81,82 

78 

c 

Ox 

20-30 

A 

84 

79 

c 

Pig 

30-200 

A 

68,69 

80 

c 

Rabbit 

A 

3.0 

A 

24,26,85 

81 

c 

Turtle 

5.0 

A 

40 

82 

c 

Frog 

20 

A 

22 

83 

Pyrilamine 

c 

Guinea  pig 

10 

I 

60 

84 

Tetraethylpyrophos- 
phate 

c 

Guinea  pig 

0.01 

A 

36 

85 

Tetramethylam- 
monium  chloride 

c 

Guinea  pig 

1 

A 

8 
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Part  I:    PARASYMPATHOLYTICS  AND  LOCAL  ANESTHETICS  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug.     Parentheses  in  Columns  F  and  H  Indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original 
literature  should  be  consulted. 


Antagonist 
(Synonym) 


Active  Drug 


Compound 


Effect 


Species 


Antagonist  Effect 


Local 


(ig/ml  [Action 


Systemic 


mg/kg      I  Action 


Reference 


(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


(H) 


<I) 


86 
87 
88 
89 
90 
91 


92 
93 
94 
95 

96 
97 


98 


99 


Atropine  (Tropine 

tropate)(concluded) 
Bellafolinel 


d-Tubocurarine 


Dog 


0.2 


Xysmalobinum 


Cat 


Histamine 


Man 


0.01 


Methacholine 


Man 


0.01 


46 


86 


42 


42 


bis-[  1  -  ( Carbo-  p-diethyl- 
aminoethoxy)  - 1  -  phenyl- 
cyclopentane]  -  ethane  di- 
sulphonate(SKF  769  Jz) 

Dibucaine  (Nupercaine) 


Furmethide 


Guinea  pig 


50 


Histamine 


Guinea  pig 


75 


Histamine 


Guinea  pig 


Dibutoline  (Dimethyl- 
ethyl- p-hydroxyethyl- 
ammonium  sulphate 
di-n-butyl  carbamate) 

2,  2-Diphenyl-4- 
diisopropylamino- 
butyramide  methyl- 
iodide  (R  79) 


Histamine 


Guinea  pig 


100 


Methacholine 


Guinea  pig 


0.6 


Pilocarpine 


Guinea  pig 


Acetylcholine 


Guinea  pig 


5-  Hydroxytryptamine 


Guinea  pig 


87 


(A) 


87 


54 


50,88 


50 


88 


57 


57 


Homatropine  sulphuric 
ester 


Pilocarpine 


Ox 


400 


d-Hyoscine^  (Scopine 


Muscarine 


tropate) 

100  I  d-Hyoscyamine^ 

(Tropine  tropate) 

101  jl-Hyoscyamine^ 

102  I 


Pig 


Muscarine 


Pig 


Muscarine 


Cat 


103  [Xidocaine  (Lignocaine; 
Xylocaine) 


Pig 


89 


69 


69 


64 


69 


5  -  Hydroxytryptamine 


Cat 


104  Methantheline  (Banthine; 

p- Diethylaminoethyl 

105  I       xanthene-9-carboxylate 

106  methobromide 


Acetylcholine 


Guinea  pig 


0. Os- 
lo.0 


Histamine 


Guinea  pig 


10 


(A) 


107    Novatropine 


Methacholine 


Guinea  pig 


0.5-3 


51,91 


51,91.92 


51,92 


Acetylcholine 


Guinea  pig 


0.05- 
0.1 


108 
109 
110 
111 
112 

113 
114 
115 


116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 


Frog 


0.3 


(A) 


Histamine 


Guinea  pig 


10 


2-3 


12 


99 


12,93 


Procaine  (Novocaine; 
P.A.D.;  p-Amino- 
benzoyl-diethylamino- 
ethanol) 


Acetylcholine 


Man 


50 


Guinea  pig 


Diisop  ropylfluoro- 
phosphate 


Dog 


20-40 


Histamine 


Man 


Hydroxyphenyl-  benzyl 
trimethylammonium 
dimethylcarbamate 


Guinea  pig 


(A) 


Dog 


100 


5  -  Hydroxytryptamine 


Physostigmine 
Pilocarpine 


Propantheline 
(Pro- Banthine) 


Acetylcholine 


Histamine 


5 -Hydroxytryptamine 


Methacholine 


M  ethyl- furmethide 


Nicotine 


Cat 


.P<?g^ 


100-200 


Guinea  pig 


Guinea  pig 


0.2-10.0 


Guinea  pig 


0.2-10.0 


Guinea  pig 
Guinea  pig 


I.O-IO.O 


0.1-10.0 


Guinea  pig 


0.2-2.0 


Guinea  pig 


1.0-10.0 


94 


95 


96 


(A) 


4.52,54,94 


95 


95 


94 


16 


16 


16 


16 


16 


16 


Scopolamine  (l^Hyoscine; 
Scopine  tropate) 


Acetylcholine 


Dog 


O.l-lO 


Arecoline 


Dog 


0.1-10 


11 


n 


Histamine 


Man 


0.005-0.01 


(A) 


42 


Methacholine 


Man 


0.005-0.01 


42 


Muscarine 


Cat 


64 


Pig 


69 


Physostigmine 


Dog 


0.1-10 


11 


/I  /  Belladonna  alkaloids,  IZl  Dextro  isomer  of  scopolamine.    /3/  Dextro  isomer  of  atropine.    /4/  Levo  isomer  of 
atropine. 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  I:    PARASYMPATHOLYTICS  AND  LOCAL  ANESTHETICS  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug.     Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original 
literature  should  be  consulted. 


A  »t.^^nni  ct 

Active  Drug 

Species 

Antagonist  Effect 

( Synonym ) 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

132 

Scopolamine  butylbromide 
(Buscopan;  Scopola- 
mine-N-bromobuty  late) 

Acetylcholine 

C 

Dog 

0.5 

A 

97 

133 

Histamine 

C 

Dog 

I 

97 

134 

C 

Guinea  pig 

20 

A 

97 

135 

Pilocarpine 

C 

Dog 

0.01 

A 

97 

136 

Scopolamine  methyl- 
bromide  (Epoxy- 
methamine  bromide; 
Famine;  Scopolamine- 
N-bromomethylate) 

Acetylcholine 

C 

Guinea  pig 

A        1 

98 

137 

Histamine 

C 

Guinea  pig 

A 

98 

138 

Syntropan  (3-Diethyl- 
amino-2,  2-dimethyl- 
propyl  dl-tropate) 

Acetylcholine 

C 

Guinea  pig 

5 

A 

12 

139 

Histamine 

C 

Guinea  pig 

10 

I 

30 

I 

12,54 

140 

Pilocarpine 

C 

Cat 

12 

A 

74 

141 

Tetracaine  (Amethocaine) 

5  -  Hydroxytryptamine 

c 

Cat 

A 

1 

Contributor:    Hawkins,   D.  F. 

References:    [l]    Sinha,    Y.  K.,   and  West,  G.  B.,   J.Physiol.,   Lond.  J_20:64P,    1953.     [2]   Plummer,   A.  J.,   Barrett, 
W.  E.,   Rutledge,   R.,   and  Yonkman,    F.  F.,   J.  Pharm.  Exp.  Ther.  J^:292,    1953.    [3]     Meier,   R.,   quoted  by 
Plummer  et  al,   ibid.    [4]    Hawkins,    D.  F.  (thesis),    London,    1952.    [5]    Hawkins,   D.  F.,   and  Schild,   H.  O.,   Brit. 
J.  Pharm.  6:682,    1951.    [6]    Rosa,   L.,   Boll,  e  Mem.  del.  Soc.  Tosco-Umbro  Emiliana  d.  Med.  Int.    UZb,    1950. 
[7]    Rosa,   L.,   and  McDowall,   R.  J.,   Acta  Allerg.  4:293.    1951.    [8]    Hawkins,    D.  F.,   and  Paton,   W.  D.,   unpublished, 
1957.    [9]    Konzett,   H.,   Brit.  J.  Pharm.  U_:289.    1956.    [  10)    Houssay,   B.  A.,   and  Orias,   O.,   C.  rend.  Soc.  biol. 
_1_17:61,    1934.    [u]    Wick.   H..   Arch.  exp.  Path.  2r2: 1  33,    1950.    [12]    Castillo,   J.  C,   and  De  Beer.   E.  J..   J.  Pharm. 
Exp.  Ther.  90:104,   1947.    [13]   Halpern,  B.  N.,  Arch,  internal,  pharm.  dyn.,  Par.^:339,  1942.    (  14]   Hawkins,  D.  F.,  and 
Parkes,   M.  W.,  unpublished,  1957.    (  15]    Hebb,   C.  O.,  J.  Physiol.,  Lond.  96:26P.  1939.   [16]    Herxheimer,   H.,   Arch, 
internal,  pharm.  dyn.,   Par.j^:371,    1956.    [17]    Parkes,   M.  W.,   Brit.  J.  Pharm.  J^:95,    1955.    [18]    Daly.   I.  de  B., 
Quart.  J.  Exp.  Physiol.,   Lond.  28:357,    1938.    [19]    Villaret,   M.,   Justin- Besan^on,   L.,  and  Vexenat,   G.,   C.  rend. 
Soc.  biol.  J^:806,    1929.    [20]    Pastier,    F.  N.,   and  Reid,   C.  S.,   Brit.  J.  Pharm.  7:417,    1952.    [21]    Dijkstra,   C, 
and  Noyons,   A.  K.,   Arch,  internal,  physiol.  49:257,    1939.    [22]    Dirner,   Z.,   Arch,  exp.  Path.  146:232,    1929. 
[23]    Hanzlick,   P.  J.,   and  Karsner,   H.  T:,  J.  Pharm.  Exp.  Ther.    14:449.    1920.     [24]    SoUmann,   T.,   and  Gilbert, 
A.  J.,   ibid^:272,    1937.    [25]    Hardikar,   S.  W.,   ibid  20:17.    1922.~T26]    Swanson,    E.  E.,   and  Webster,   R.  K.,   ibid 
38:327,    1930.     [27]    Pedden,   J.  R.,   Tainter,   M.  L.,  and  Cameron,   W.  M.,   ibid^:242,    1935.    [28]    Swanson.   E.  E., 
ibid  26:541,    1929.    [29]    Sandberg,    F.,   Acta  physiol.  scand.  25:(suppl.  91 ),    1952.    [30]    Fellows,   E.  J.,  and 
Livingston,   A.  E.,   J.  Pharm.  Exp.  Ther.  21:65,    1942.    [31]    Daulrebande,   L.,   Philippot,    E.,   Nogarede.    F.,  and 
Charlier,   R.,  Arch,  internal,  pharm.  dyn.,   Par.^:138,    1941.    [32]    Farber.   S.,   ibid^:377,    1936.    [33]    West,  R., 
ibid  56:81,    1937.    [34]    West,   R.,   J.Physiol.,   Lond.  2L:'»37,    1938.    [35]    Kraatz,   C.  P.,   Gruber,   CM.,   Jr.,  and 
Lisi,   A.  G.,   J.  Pharm.  Exp.  Ther.  98:110,    1950.    [36]    Douglas,   W.  W.,   J.  Physiol.,   Lond.  112:20P,    1951. 
[37]    Supniewski,   J.  V.,  Serafin6wna,    M.,   and  Hano,   J.,   Arch.  exp.  Path.  183:725,    1936.    [38]    Pak,   C,   and  King, 
T.,   Chin.  J.  Physiol.   4:141,     1930.     [39]    Pak,   C,   and  King,   T.,   Proc.  Soc.  Exp.  Biol.   27:253,    1930. 
[40]    Prevost,   J.  L.,   and  Saloz,   J..   Arch,  internal,  physiol.  8:327,    1909.    [41]    De  Wispelaere,   H.,   Arch,  internal, 
pharm. .dyn..   Par.  56:363,    1937.    [42]    Beakey,   J.  F.,   Bresnick,   E.,   Levinson,   L.,   and  Segal,   M.  S.,   Ann.  Allergy 
7:113,    1949.    [43]    Dale,   H.  H.,  and  Laidlaw,   P.  P.,  J.  Physiol.,   Lond.  41:318,    1910.    [44]    Lohr,    H.,   Zschr.  ges. 
exp.  Med.  J^:67,    1924.    [45]    Cameron,   W.  M.,   and  Tainter,   M.  L.,   J.  Pharm.  Exp.  Ther.  57:152,    1936. 
[46]    Landmesser,   C.  M.,   Anesthesiology  8:506,    1947.    [47]    Tainter,   M.  L.,   and  Seidenfeld,   M.  A.,   J.  Pharm.  Exp. 
Ther.  40:23,    1930.    [48]    Arunlakshana,   O.  (thesis).   London,    1953.    [49]    Barlow,   O.  W.,  and  Beams,   A.  J.,   J. 
Pharm.  Exp.  Ther.  47:111,    1933.    [50]    Chen.   G.,  and  Ensor,   C.  R.,   J.  Laborat.  Clin.  M.  ^f:  1010,    1949.    [51]  Chen, 
J.  Y.,   J.  Pharm.  Exp.  Ther.  212:64,    1954.    [52]    Dutta,   N.  K.,   Brit.  J.  Pharm.  4: 197,    1949.    [53]    Halpern,   B.  N., 
Arch,  internat.  pharm.  dyn.,   Par.   6^:339,    1942.      [54]    Loew,   E.  R.,   Kaiser,   M.  E.,   and  Moore,   V.,   J.  Pharm. 
Exp.  Ther.  86:1,    1946.    [55]    Schild,   H.  O..   Quart.  J.  Exp.  Physiol.,   Lond._26:165,    1936.    [56]    Comroe,  J.  H.,  Jr., 
Van  Lingen,   B.,   Stroud,   R.  C,   and  Roncoroni,   A.,   Am.  J.  Physiol.  J23:379,    1953.    [57]    Bhattacharya,   B.  K., 
Arch,  internat.  pharm.  dyn..   Par.  103:357,    1955.    (58)    Herxheimer,   H.,   J.Physiol.,   Lond.  J_28:435,    1955. 
[59]     Waud,   R.  A.,   J.   Pharm.   Exp.   Ther.  69:103,    1940.     [60]     Hawkins,   D.  F.,   Brit.   J.    Pharm.  ^0:230,    1955. 
[61]     Comroe,   J.  H.,   Jr.,   and  Starr,   I.,   Jr.,   J.   Pharm.   Exp.   Ther.   49:283,    1933.     [62]     Randall,   L.   O.,   Benson, 
W.   M.,   and  Stefko,   P.   L.,   ibid  204:284,     1952.     [63]     White,   A.   C,   and  Stedman,    E.,   ibid  42:259,    1931. 
[64]     Dixon,   W.   E.,   and  Brodie,   T.   G.,   J.   Physiol.,   Lond.   29:97.    1903.     [65]     Weber,   E.,   Arch.   Anat.   Physiol., 
Lpz.,   p63,    1914.    [66]     De  Gamrat.   C,   Rev.  m^d.  Suisse  romande   29:245,    1909.     [67]    Pal,   J.,   Deut.  med. 
Wschr.  38:1774,  1912.    [68]    Macht,    D.  1.,   and  Ting,   G.  C,  J.  Pharm.  Exp.  Ther.  28: 1 1 1 ,  1921.     [69]    Macht,    D.  I., 
and  Ting,   G.  C,   ibid  28:373,     1921.    [70]    Baehr,   G..   and  Pick,   E.  P.,   Arch.  exp.  Path.  74:41,   1913.     [71]    Dixon, 
W.  E.,   and  Ransom,    F.,   J.  Physiol.,  Lond.  45:413,  1912.    [72]    Florey.   H.,  and  Wells,   A.  Q.,   J.  Pharm.  Exp.  Ther. 
42:133,    1931.    [73]    GoUa,    F.  L.,   and  Symes,   W.  L.,   J.  Physiol.,   Lond.   46:38P,     1913.      [74]     Kiese,    M.,   Arch, 
exp.  Path.  218:342,    1935.     [75]    Kuschinsky,  G.,   ibid  256:290,    1930.  [76]    Cloetta,   M.,   ibid  72:233.    1913. 
[77]    Ellis,   M.  P.,  and  Livingston,   A.  E.,   J.  Physiol.,   Lond.  84:223,    1935.    [78]    Jackson,    D.  E..   J.  Pharm.  Exp. 
Ther.  2:1.    1912.     [79]    Jackson,   D.  E.,   ibid  4:291,    1913.    [  80]    Wick,   H.,  Arch,  internat.  pharm.  dyn..   Par. 
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Part  I:    PARASYMPATHOLYTICS  AND  LOCAL  ANESTHETICS  (Concluded) 

88:450,    1951.    [81]    Chu.   H.-P..   and  How,   G.  K.,   Chin.  J.  Physiol.  5:115,    1931.    [82]    Thornton,   J.  W.,   Quart.  J. 
Exp.  Physiol.,    Lend.  2^:305,    1932.    [83]    Trendelenburg,   P.,   Zbl.  Physiol.  26:1,    1912.    [84]    Trendelenburg.   P., 
Arch.  exp.  Path.  69:79,    1912.    [85]    Golla,   F.  L.,   and  Symes,   W.  L.,   J.  Pharm.  Exp.  Ther.  5:87,    1913.   [86]    Watt, 
J.  M.,   ibid  38:261,    1930.    [87]    Toner,   J.  J.,   and  Macko,   E.,   ibidj^:246,    1952.    [88]    Featherstone,   R.  M.,   and 
White,   N.  G.,   ibid  84:105,    1945.    [89]    Trendelenburg,   P.,   Arch.  exp.  Path.  73: '  18,    1913.    [90]    Siegmund,   O.  H., 
Granger,   H.  R.,   and  Lands,   A.  M.,   J.  Pharm.  Exp.  Ther.  90:254,    1947.    [91]    Chen,   J.  Y.,   ibid  2^^:192,    1955. 
[92]    Hambourger.   W.  E.,   Cook,    D.  L.,   Winbury,   M.  M.,   and  Freese,   H.  B.,   ibid  99:245,    1950.    [93]    Issekutz,  B.v. 
and  Genersich,   P.,   Arch.  exp.  Path.  202:201 ,    1943.    [94]    Hazard.   R.,   and  Corteggiani,    E.,   C.  rend.  Soc.  biol. 
137:688,    1943.    [95]    Atanackovic,   D.,   and  Dalgaard-Mikkelsen,   S.,   Arch,  internal,  pharm.  dyn..   Par.  85:1,    1951. 
r96]    Archer,   J.  D.,   Texas  Repts.  Biol.  M.  j^:483,    1952.    [97]    Wick,   H.,   Arch.  exp.  Path.  222:485,    1951. 
[98]    Visscher,    F.  E.,   Seay,   P.  H.,   Tazelaar,   A.  P..   Jr.,   Veldkamp,   W.,   and  Vander  Brook,   M.  J.,   J.  Pharm. 
Exp.  Ther.  110:188,    1954.    [99]    Dirner,   Z.,   Arch.  exp.  Path.  J_57: 154,    1930. 

Part  II:     ANTICHOLINESTERASES 

Drugs  are  listed  alphabetically.     C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect.   I  =  inactive 
(i.e.,   without  influence  on  effect  of  active  drug),   P  =  potentiates  active  drug  effect.      Parentheses  in  Columns  F  and 
H  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should  be  consulted. 


.    .           ...„ 

Active  Drug 

Species 

Antagonist  or 

Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

(Synonym) 

jig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

Benzoylcholine 

Acetylcholine 

C 

Cat 

3-10 

P 

1.2 

?. 

C 

Cat 

100 

A 

1.2 

3 

c 

Dog 

P 

1 

4 

c 

Rabbit 

10 

P 

2 

5 

c 

Rabbit      _ 

100 

A 

2 

6 

Diisopropylfluorophos- 
phate  (DFP) 

Acetylcholine 

c 

Guinea  pig 

1.0 

P 

3 

7 

Miotine  ( [Q-(m-Hydroxy- 
phenyU-ethyljdimethyl- 
amine  methylcarbamate) 

Acetylcholine 

c 

Cat 

[0.5 

P 

4 

8 

Epinephrine 

D 

Cat 

I 

4 

9 

Neostigmine  (Prostigmine) 

Methacholine 

c 

Man 

0.005 

P 

5 

10 

Physostigmine  (Eserine) 

Acetylcholine 

C 

Man 

0.1-1.0     P 

6,7 

11 

C 

Dog 

1 

0.1-0.6 

P 

8 

12 

c 

Guinea  pig 

0.1-5.0     P 

1.0 

P 

3,9-11 

13 

c 

Monkey 

P 

12 

14 

c 

Rabbit 

P 

13 

15 

c 

Frog 

10 

P 

14 

16 

Histamine 

c 

Dog 

0.0025 

I 

15 

17 

c 

Guinea  pig 

0.75 

P 

16 

18 

Nicotine 

c 

Cat 

O.l-I.O     P 

17 

19 

c 

Guinea  pig 

0.1 

(P) 

17 

20 

Tetraethylpyrophosphate 
(TEPP) 

Acetylcholine 

c 

Guinea  pig 

0.1 

P 

3 

Contributor:    Hawkins,   D.  F. 

References:    [l]    Akcasu,   A..   Sinha,    Y.  K.,   and  West,   G.  B.,   J.Physiol.,   Lond.  117:41P,    1952.    [2]    Akcasu.   A., 
Sinha,    Y.  K.,   and  West,   G.  B.,   Brit.  J.  Pharm.  7:331,    1952.    [3]    Douglas,   W.  W.,   J.  Physiol.,    Lond.  112:20P,    1951. 
[4]    White,   A.  C,   and  Stedman,   E.,   J.  Pharm.  Exp.  Ther.  42:259,    1931.    [5]    Beakey,   J.  F.,   Bresnick,    E.,   Levinson, 
L..   and  Segal,   M.S.,   Ann.  Allergy  7:1 13,    1949.    [6]    Hawkins,    D.  F.  (thesis),    London,    1952.    [7]    Hawkins,    D.  F., 
and  Schild,    H.  O.,   Brit.  J.  Pharm.  6:682,    1951.    [8]    Houssay,   B.  A.,   and  Orias,   O.,   C.  rend.  Soc.  biol.  nj7:61 , 
1934.    [9]    Guimaraes,   J.  L..   and  Lourie,   E.  M.,   Brit.  J.  Pharm.  6:514,    1951.    [lO]    Hebb,   CO.,   J.Physiol., 
Lond.  99:57,    1940.    [u]    Thornton,   J.  W.,   ibid96:53P,    1939.    [  12]    Daly,   1.  de  B.,   Quart  J.  Exp.  Physiol.,   Lond. 
28:357,    1938.    [13]    Pastier,    F.  N.,   and  Reid,   C.  S.,   Brit.  J.  Pharm.  7:4 17,    1952.    [14]    Dijkstra,   C,   and  Noyons, 
A.  K.,   Arch,  internal,  physiol.  49:257,    1939.    [15]    Yonkman,    F.  F.,   Oppenheimer,   E.,   Rennick,   B.,   and  Pellet,    E., 
J.  Pharm.  Exp.  Ther.  89:31,    1947.    [16]    Loew,   E.  R.,   Kaiser,   M.  E.,   and  Moore.   V.,   ibid  86:1,    1946.    [17]    Hawkins. 
D.  F.,   and  Paton,   W.  D.,   unpublished,    1957. 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  III;     ANTIHISTAMINES 

Drugs  are  listed  to  illustrate,   as  far  as  possible,   the  relationship  between  chemical  structure  and  pharmacological 
action.     C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive   (i.e.,   without  influence  on  effect 
of  active  drug),    P  =  potentiates  active  drug  effect.     Parentheses  in  Columns  F  and  H  indicate  action  is  slight, 
irregular,  or  doubtful,  and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

Phenol  Ethers 

1 

(m-  Methylphenyl-  oxo- 
ethyl)-amine  (JL  474) 

Histamine 

C 

Guinea  pig 

10 

2 

(p-  Methylphenyl-  oxo- 
ethyD-amine  (JL  478) 

Histamine 

C 

Guinea  pig 

10 

3 

(p-  Methoxyphenyl-  oxo- 
ethyD-amine  (JL  499) 

Histamine 

C 

Guinea  pig 

10 

4 

(3,  4-Dimethylphenyl-oxo- 
ethyD-amine  (JL  912) 

Histamine 

C 

Guinea  pig 

10 

5 

(p- Methylphenyl- oxo- 
ethyl)-methylamine 
(JL  950) 

Histamine 

C 

Guinea  pig 

10 

6 

(2-  Isopropyl-  5-  methyl- 
phenyl-oxo- ethyl  )- 
ethylamine  (1482  F) 

Histamine 

C 

Guinea  pig 

A 

7 

(o- Methylphenyl- oxo- 
ethyl)-(p-hydroxy- 
ethyl)-amine  (JL  504) 

Histamine 

C 

Guinea  pig 

10 

8 

(p- Methylphenyl- oxo - 
ethyl)-((3-hydroxyethyl)- 
amine  (JL  725) 

Histamine 

C 

Guinea  pig 

10 

9 

(Phenyl- 0X0- ethyl  )- 

dimethylamine  (JL413) 

Histamine 

c 

Guinea  pig 

10 

A 

10 

(o-  Me  thylphenyl-  oxo- 
ethyl)- dimethylamine 
(JL  963) 

Histamine 

C 

Guinea  pig 

10 

A 

11 

(2,  5-Dimethylphenyl- 
oxo-  ethyl )-  diethylamine 
(1655  F) 

Histamine 

c 

Guinea  pig 

A 

2 

12 

(2- Isopropyl- 5 -me  thyl- 
phenyl-oxo- ethyl)- di- 
ethylamine (Thymoxy- 
ethyldiethylamine;929  F) 

Histamine 

C 

Dog 

40 

A 

13 

c 

Guinea  pig 

1-10 

A 

2.5-25 

A 

1.2,4,5 

14 

(p-  Methylphenyl-  oxo- 
ethyl)-phenylamine 
(JL  956) 

Histamine 

c 

Guinea  pig 

5 

I 

15 

N-[p-(tert.-Octyl)-phe- 
noxy-ethyl-oxo-ethyl]  - 
morpholine  (S  150) 

Histamine 

c 

Guinea  pig 

A 

16 

Di-  (p-  methylphenyl-  oxo- 
ethyl)-amine  (JL  477) 

Histamine 

C 

Guinea  pig 

4 

A 

17 

Di-(3,  4-dimethylphenyl- 
oxo-ethyl)-amine 
(JL  765) 

Histamine 

C 

Guinea  pig 

2 

A 

18 

Di-  (o-  methylphenyl-oxo- 
ethyl)-methylamine 
(JL  951) 

Histamine 

c 

Guinea  pig 

8 

I 

19 

Tri-(o-methylphenyl-oxo- 
ethyD-amine  (JL  959) 

Histamine 

C 

Guinea  pig 

10 

A 

Ber 

zhydryl 

Ethers 

20 

p-Aminoethyl  benzhydryl 
ether 

Histamine 

C 

Guinea  pig 

25 

A 

5 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  III;    ANTIHISTAMINES  (Continued) 
C  =  constricts,    D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug),    P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 


(A) 


Active  Drug 


Compound 


(B) 


Effect 


(C) 


Species 


(D) 


Antagonist  or  Potentiator  Effect 


Local 


t^g/ml 


(E) 


Systemic 


Action 


(F) 


mg/kg        Action 


Reference 


(G) 


(H)    I 


(I) 


Benzhydryl  Ethe 

rs  (Continued) 

21 

p-  Methylaminoethyl 

benzhydryl  ether  (S  59) 

Histamine 

C 

Dog 

2-5 

A 

6 

22 

c 

Guinea  pig 

A 

6-12,5 

5,6 

23 

Pilocarpine 

c 

Guinea  pig 

A 

6 

24 

p-  Dimethylaminoethyl 
benzhydryl  ether 
( Diphenhydramine ; 
Benadryl) 

Histamine 

c 

Man 

A 

0.5-1.0 

A 

7,8,9 

25 

c 

Dog 

2-5 

A 

6.10 

Zb 

c 

Guinea  pig 

0.005- 
50.0 

A 

0.005- 
12.5 

A 

5,11.12-23, 
25 

27 

Acetylcholine 

c 

Guinea  pig 

4 

A 

15 

28 

Methacholine 

c 

Man 

0.5-1.0 

A 

8,9 

29 

c 

Dog 

1 

A 

10 

30 

c 

Guinea  pig 

25-33 

A 

26,27 

31 

Pilocarpine 

c 

Guinea  pig 

A 

b 

32 

p-  Pyridylethylamine 

c 

Guinea  pig 

0.005 

A 

12 

33 

d-Tubocurarine 

c 

Dog 

1 

A 

10 

34 

Diphenhydramine  oxalate 

Histamine 

c 

Guinea  pig 

2.7 

A 

11 

35 

Diphenhydramine  succinate 

Histamine 

c 

Guinea  pig 

2.0 

A 

11 

36 

p-Isopropylaminoethyl 
benzhydryl  ether  (S  82) 

Histamine 

c 

Dog 

2-5 

A 

b 

37 

c 

Guinea  pig 

A 

6.0-12.5 

A 

5.6 

38 

Pilocarpine 

c 

Guinea  pig 

A 

6 

39 

p-  Diethylaminoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

6.0-12.5 

A 

5 

40 

p-n-Butylaminoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

12.5 

I 

5 

41 

p-Di-n-butylaminoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

50 

(A) 

5 

42 

p-  Dicyclohexylaminoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

50 

(A) 

5 

43 

p-(p-Diethylaminoethyl- 
oxo)-ethyl  benzhydryl 
ether 

Histamine 

c 

Guinea  pig 

50 

A 

5 

44 

p-(p-Hydroxyethylmethyl- 
amino)-ethyl  benzhydryl 
ether  (S  161) 

Histamine 

c 

Guinea  pig 

A 

6 

45 

p-  Piperidinoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

1.5-12.5 

A 

5 

4b 

p-  Morpholinoethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

3.0-12.5 

A 

5 

47 

p-(p-Morpholinoethyl- 
amino)-ethyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

25 

A 

5 

48 

Diethylaminopropyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

6-12.5 

A 

5 

49 

p-  Methyl-  p-  morpholino- 
propyl  benzhydryl  ether 

Histamine 

c 

Guinea  pig 

25 

A 

5 

50 

6-  Morpholinohexyl 
benzhydryl  ether 

Histamine 

c 

Guinea  pig 

50 

A 

5 

51 

(p-Benzhydryl-oxo-ethyl)- 
trimethylammonium 
iodide  (S  92) 

Histamine 

c 

Dog 

2-5 

A 

6 

52 

c 

Guinea  pig 

A 

0.5 

A 

6,11 

53 

(p-Benzhydryl-oxo-ethyl)- 
trimethylammonium 
raethylsulphonate 

Histamine 

c 

Guinea  pig 

1.3 

A 

11 

54 

(p- Benzhydryl -oxo- ethyl  )- 
trimethylammonium 
p-  toluensulphonate 
(S  154) 

Histamine 

c 

Dog 

3-5 

A 

6 

55 

c 

Guinea  pig 

A 

2.8 

A 

1 

6,11 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  111:    ANTIHISTAMINES  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive   (i.e.,    without  influence  on  effect  of 
active  drug),  P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

jig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

Benzhydryl  Ethe 

rs  (concluded) 

56 

(p- Benzhydryl- oxo-ethyl)- 

dime  thy  le  thylam  - 
monium  bromide 

Histamine 

C 

Guinea  pig 

1.8 

A 

11 

57 

(p-Benzhydryl-oxo-ethyl)- 
dimethyle  thylam - 
monium  p-toluene- 
sulphonate  (S  158) 

Histamine 

C 

Dog 

5 

A 

6 

58 

C 

Guinea  pig 

A 

1.7 

A 

6.11 

59 

4-  (|3-  Benzhydryl- oxo- 
ethyl)- 4 -methyl- mor- 
pholinium  p-toluene- 
sulphonate  (S  157) 

Histamine 

c 

Dog 

5 

A 

6 

60 

c 

Guinea  pig 

A 

6 

61 

4-  Chloro-  benzhydryl 
tropine  ether  (SL  6057) 

Histamine 

c 

Guinea  pig 

10 

A 

1-tO 

A 

28 

62 

Acetylcholine 

c 

Guinea  pig 

(A) 

28 

63 

4- Chloro- benzhydryl 
tropine  ether  methyl- 
bromide  (SL  6058) 

Histamine 

c 

Guinea  pig 

2-10 

A 

28 

64 

4,  4'-Dichlorobenzhydryl- 
p-morpholinoethyl  ether 

Histamine 

c 

Guinea  pig 

25 

A 

5 

Ber 

zhydryl 

Amines 

65 

p-Aminoethyl  benzhydryl 
amine 

Histamine 

^ 

Guinea  pig 

50 

I 

5 

66 

p-  Diethylaminoethyl 
benzhydryl  amine 

Histamine 

C 

Guinea  pig 

25 

X 

5 

67 

p-Morpholinoethyl 
benzhydryl  amine 

Histamine 

c 

Guinea  pig 

25 

I 

5 

68 

•y  -  Diethylaminopropyl 
benzhydryl  amine 

Histamine 

c 

Guinea  pig 

50 

I 

5 

69 

N- Methyl-  N'  -benzhydryl- 
piperazine  (Cyclizine; 
Marezine;  47-83) 

Histamine 

c 

Guinea  pig 

0.4 

A 

10 

A 

16,19.29 

70 

N-  Me  thyl-  N '  -  ( 4-  chloro-       i  Histamine 

c 

Man 

0.2 

A 

7 

71 

benzhydryl)-  piperazine 
(Chloro- cyclizine; 
Perazil;  Histantin; 
47-282) 

c 

Guinea  pig 

0.1-0. 

>    A 

2.5-10 

A 

16,19.21 

Et 

liylenedi 

amines 

72 

N- Phenyl- N-methyl- 

N',  N'-diethyl-ethylene- 
diamine  (1335  F) 

Histamine 

C 

Guinea  pig 

I 

2 

73 

N-Phenyl-N-ethyl-N'.N'- 
dimethyl- ethylene - 
diamine  (RP  2325) 

Histamine 

C 

Guinea  pig 

0.2-20.0 

A 

30-33 

74 

N-Phenyl-N-ethyl-N',N'- 
diethyl- ethylene- 
diamine  (1571  F) 

Histamine 

C 

Guinea  pig 

I-IO 

A 

3-25 

A 

2.5.11,32, 
33 

75 

N-  (o-  Methylphenyl)-  N- 
ethyl-N',  N'-diethyl- 
ethylenediamine  (1599  F) 

Histamine 

C 

Guinea  pig 

I 

2 

76 

N-Phenyl-N-benzyl-N',  N'- 
dimethyl- ethylene - 
diamine  (Antergan; 
Lergitin;  RP   2339) 

Histamine 

C 

Cat 

4 

A 

34 

77 

C 

Guinea  pig 

0.1 

A 

0.5-20 

A 

31-33.35-38 

78 

Acetylcholine 

C 

Guinea  pig 

<50 

I 

33,37 

79 

Agmatine 

C 

Guinea  pig 

A 

39 

80 

Amylamine 

C 

Guinea  pig 

A 

39 

81 

Cadaverine 

c 

Guinea  pig 

A 

39 

82 

Clupeine 

C 

Guinea  pig 

A 

39 

83 

Guanidine 

C 

Guinea  pig 

A 

39 

84 

Putre  seine 

C 

Guinea  pig 

A 

39 

85 

Sodium  nucleinate 

C 

Guinea  pig 

A 

39 

86 

N-Phenyl-N-(2-thenyl)- 
N',  N'-dimethyl-ethyl- 
enediamine  (Methaphen- 
ilene;  Diatrin;  W-50) 

Histamine 

c 

Guinea  pig 

A 

0.05-1.0 

A 

40 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  UI:     ANTIHISTAMINES  (Continued) 
C  =  constricts.   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug),  P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 


Active  Drug 


Compound 


Effect 


Species 


Antagonist  or  Potentiator  Effect 

Local        i  Systemic j  Reference 

Action 


|ig/ml  |Action 


ag/kg 


(A) 


(B) 


(C) 


(D) 


(E)     I     (F) 


(G)         1     (H)     I        (IT 


Ethylenediamines  (continued) 

87 

N-Ben2yl-N-(2- 

pyrimidyl)-N',  N'- 
dimethyl- ethylene- 
diamine  (Hetramine) 

Histamine 

C 

Guinea  pig 

0.3-12.0 

A 

19,25,41- 
43 

88 

N-(p-Methoxybenzyl)-N-     Histamine 
(2-pyrimidyl)-N'.N'- 
dimethyl- ethylene- 
diamine  (Thonzylamine;! 
Anahist;  Neohetramine)! 

C 

Guinea  pig 

0.02- 
2.0 

A 

3.5-10.0 

A 

19,41,42, 

44,45 

89 

N-(p-Methoxybenzyl)-N- 
(2-thiazolyl)-N'.N'- 
dimethyl- ethylene- 
diamine  (194  B) 

Histamine 

c 

Guinea  pig 

5 

A 

19 

90 

N- Benzyl-  N-  (p-  picolinyl)^  Histamine 
N'.N'-dimethyl- 
ethylenediamine  (74) 

c 

Guinea  pig 

10 

A 

30 

91 

N- Benzyl- N-(Y-picolinyl)-|  Histamine 
N',N'-dimethyl- 
ethylenediamine  (106) 

c 

Guinea  pig 

1.0 

A 

30 

92 

N-(l-Naphthyl)-N-benzyl- 
N',N'-dimethyl- 
ethylenediaraine  (T  1) 

Histamine 

c 

Guinea  pig 

5.6 

A 

31 

93 

N-(1-Naphthyl)-N- 

benzyl-N',N'-diethyl- 
ethylenediamine  (T  2) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

94 

N-(2-Naphlhyl)-N-benzyl- 
N',N'-dimethyl- 
ethylenediaraine  (T  3) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

95 

N-(2-Naphthyl)-N-benzyl- 
N'.N'-diethyl-ethylene- 
diamine  (T  4) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

96 

N-(l-Naphthyl)-N-ethyl- 
N'.N'-dimethyl- 
ethylenediamine  (T  5) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

97 

N-(l-Naphthyl)-N-ethyl- 
N',N'-diethyl- 
ethylenediamine  (T  6) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

98 

N-(2-Naphthyl)-N-ethyl- 
N',N'-dimethyl- 
ethylenediamine  (T  7) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

99 
100 

N-(2-Naphthyl)-N-ethyl- 
N',  N'-diethyl-ethylene- 
diamine  (T  8) 

Histamine 

c 

Guinea  pig 

16 

(A) 

31 

N-Benzyl-N-(2-pyridyl)- 

Histamine 

c 

Man 

50 

A 

0.5-1.0 

A 

8,46 

101         N'.N'-dimethyl- 

c 

Dog 

0.1-3.0 

A 

10,35 

102 

ethylenediamine 
(Tripelennamine; 
Pyribenzamine;  U-95) 

c 

Guinea  pig 

0.03- 
1.7 

A 

0.1-10.0 

A 

13,16,19.22, 
25,28.30, 
35,41,42, 
44,47-54 

103 

Acetylcholine 

c 

Dog 

0.1-0.3 

I 

35 

104 

Curarine 

c 

Dog 

2 

A 

10 

105 

Methacholine 

c 

Dog 

2 

I 

10 

106 

d-Tubocurarine 

c 

Dog 

2 

A 

10 

107 

N-  (p-  Methoxybcnzyl )-  N- 
(2-pyridyl)-N',N'- 

Histamine 

c 

Man 

0.0004- 
10.0 

A 

7,21,55-57 

108 

dimethyl-ethylene- 
diamine  (Mepyramine; 
Pyranisamine;  Pyril- 
amine;  Neoantergan; 
RP  278b) 

c 

Guinea  pig 

0.00025- A 
5.0 

0.001-2.5 

A 

4,12.16, 
21.25. 
54,58- 
62 

109 

Acetylcholine 

c 

Guinea  pig 

1-3 

A 

61 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
Part  III:    ANTIHISTAMINES  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug),  P  =  potentiates  active  drug  effect.   Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F)              (G) 

(H) 

(I) 

Ethylenediamines  (continued) 


no 

N-(p-Methoxybenzyl)-N- 
(2-pyridyl)-N',N'- 

Epinephrine 

D 

Guinea  pig 

I 

63 

111 

5  -  Hydroxytryptamine 

C 

Guinea  pig 

I 

1 

(A) 

61.64,65 

112 

dimethyl- ethylene- 
diamine  (Mepyramine; 
Pyranisamine;  Pyril- 
amine;  Neoantergan; 
RP  2786)  (concluded) 

Methacholine 

C 

Guinea  pig 

3-6 

A 

61 

113 

Methyl-furmethide 

C 

Guinea  pig 

1-3 

A 

61 

114 

Nicotine 

C 

Guinea  pig 

1-3 

(A) 

61 

115 

D 

Guinea  pig 

A 

63 

116 

Norepinephrine 

D 

Guinea  pig 

(P) 

63 

117 

Pentamidine 

C 

Guinea  pig  ^ 

2.5 

A 

66 

118 

|3- Pyridyl-ethylamine 

C 

Guinea  pig 

0.0004 

A 

12 

119 

N-(p-Chlorobenzyl)-N- 
(2-pyridyl)-N',N'- 
dime  thyl- ethylene - 
diamine  (Chlorneo- 
antergan) 

Histamine 

C 

Guinea  pig 

1 

A 

19 

120 

N-(p-Bromobenzyl)-N- 

(2-pyridyl)-N',N'- 
di  me  thyl- ethylene- 
diamine  (Hibernon; 
p-  Bromotripelen- 
namine) 

Histamine 

C 

Gtiinea  pig 

0.01- 
2.0 

A 

67 

121 

N-(p-Fluorobenzyl)-N- 

(2-pyridyl)-N',N'- 
di  me  thyl- ethylene- 
diamine 

Histamine 

C 

Guinea  pig 

1 

A 

19 

122 

N-(2-Thenyl)-N-(2- 
pyridyl)-N',  N'- 
dime  thyl- ethylene - 
diamine  (Metha- 
pyrilene;  Thenylene; 
Histadyl;  W-53) 

Histamine 

C 

Guinea  pig 

0.025-3.0 

A 

16,19,22, 
44 

123 

N-(5-Chloro-2-thenyl)- 
N-(2-pyridyl)-N',N'- 
dime  thyl- ethylene - 
diamine  (Chloro- 
pyrilene;  Chlorothen) 

Histamine 

C 

Guinea  pig 

2.5-3.0 

A 

16,19.44, 
48 

124 

N-(5-Bromo-2-thenyl)- 
N-(2-pyridyl)-N',N'- 
dimethyl- ethylene- 
diamine  (Bromothen) 

Histamine 

c 

Guinea  pig 

3 

A 

19 

125 

N-(3-Thenyl)-N-(2-pyri- 
dyl)-N',N'-dimethyl- 
ethylene-diamine- 

Histamine 

c 

Guinea  pig 

A 

0.04-0.17 

A 

49 

(Thenyldiamine;  Thenfadil)  : 

126. 

N-(2-Chloro-3-thenyl)- 
N-(2-pyridyl)-N',N'- 
dime  thyl- ethylene- 
diamine  (WIN  2875) 

Histamine 

c 

Guinea  pig 

A 

0.4-0.9 

A 

49 

127 

N-(2-Bromo-3-thenyl)-N- 

(2-pyridyl)-N',N'- 
dimethyl- ethylene - 
diamine  (WIN  2876) 

Histamine 

c 

Guinea  pig 

A 

0.4-0.9 

A 

49 

128 

N-(2-Furfuryl)-N-(2- 
pyridyl)-N',  N'-di- 
me  thyl- ethylene- diam- 
ine (Methafurylene) 

Histamine 

C 

Guinea  pig 

0.01 

A 

1-2 

A 

52 

129 

Nl-Phenyl-Ni-benzyl- 
N2,N2-dimethyl- 
2-methylethylene- 
diamine 

Histamine 

c 

Guinea  pig 

A 

68 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  III:    ANTIHISTAMINES  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug).  P  =  potentiates  active  drug  effect.   Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,  and  the  original  literature  should  be  consulted. 


Antagonist  or  Potentiator 
(Synonym) 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

<G) 

(H) 

(I) 

Ethylenediamines  (concluded) 


130 

Nl-Phenyl-N' -benzyl- N-i, 
N2-diethyl-2-methyl- 
ethylenediamine 

Histamine 

C 

Guinea  pig 

A 

68 

Phenothiazines  and  Related  Compounds 

131 

N-Dimethylaminoethyl- 
phenothiazine  (RP  3015) 

Histamine 

C 

Dog 

1.0 

A 

69 

132 

C 

Guinea  pig 

0.1-8.0 

A 

19.25,69 

133 

N-Diethylaminoethyl- 
phenothiazine 
(Oiethazine;  Diparcol; 
2987  RP) 

Diisopropylfluoro- 
phosphate 

C 

Dog 

8.5 

A 

70 

134 

Pilocarpine 

C 

Dog 

10.0 

A 

70 

135 

N-(p-Dimethylamino- 
propyUphenothiazine 
(Promethazine; 
Phenergan;  RP  3277) 

Histamine 

C 

Man 

A 

0.5-1.0 

A 

7,71 

136 

C 

Dog 

1.0 

A 

69 

137 

C 

Guinea  pig 

5 

A 

0.2-10.0 

A 

19,21,25, 
26,28,69, 
72-75 

138 

5-  Hydroxytryptamine 

C 

Guinea  pig 

I 

1-3 

A 

64,65 

n<» 

Methacholine 

C 

Man 

0.5-1.0 

A 

71 

140 

C 

Guinea  pig 

6.0 

A 

26 

141 

N-(Y-Dimethylamino-Pi 
p- dimethyl- propyl  )- 
phenothiazine  (RP  3300) 

Histamine 

C 

Guinea  pig 

I 

38 

142 

N-Dimethylaminopropyl- 
3-chlorophenothiazine 
(Chlorpromazine; 
Largactil) 

Histamine 

C 

Guinea  pig 

10-40 

A 

61,72-74 

143 

Acetylcholine 

C 

Guinea  pig 

5-10 

A 

61 

144 

5- Hydroxytryptamine 

C 

Guinea  pig 

5-10 

A 

61 

145 

Methacholine 

c 

Guinea  pig 

10 

(A) 

61 

146 

Methyl- furmethide 

c 

Guinea  pig 

10 

A 

61 

147 

Nicotine 

c 

Guinea  pig 

5-10 

A 

61 

148 

N-  Methylpiperidyl-  3- 
methyl- phenothiazine 
(Lacumin) 

Histamine 

c 

Guinea  pig 

A 

76 

149 

N-Pyrrolidineethyl-pheno- 
thiazine  (Pyrathiazine; 
Pyrrolazote;  I-WBR-86) 

Histamine 

c 

Guinea  pig 

2-12 

A 

19,44,47 

150 

N-Dimethylaminoethyl-  1- 
methoxyphenothiazine 
(RP  3298) 

Histamine 

c 

Guinea  pig 

A 

38 

151 

N-(a- Methyl- p-dimethyl- 
aminoethyl)- 1  -methoxy- 
phenothiazine  (RP3299) 

Histamine 

c 

Guinea  pig 

A 

38 

152 

N- Dime  thy  lam  inoe  thy  I- 
thionodiphenylamine 
(RP  3283) 

Histamine 

c 

Guinea  pig 

A 

38 

153 

N-Dimethylaminoethyl- 
sulphonodiphenylamine 
(RP3289) 

Histamine 

c 

Guinea  pig 

A 

38 

Miscellaneous 

154 

2-  Dimethylaminoethoxy- 
diphenylmethane 
(C  5581  H) 

Histamine 

c 

Guinea  pig 

5 

A 

19 

155 

2-Dimethylaminoethoxy- 

4-chloro-diphenyl- 
mcthane  (01780) 

Histamine 

c 

Guinea  pig 

10 

A 

19 

156 

a-Dimethylaminoethoxy- 
a-(2-pyridyl)-ethyl- 

Histamine 

c 

Guinea  pig 

5 

A 

19,44 

benzene  (Decapryn;  Dox 

ylamine)  ; 

157 

l-Phenyl-l-(2-pyridyl)- 
3-dimelhylamino- 
propane (Prophenpyrid- 
amine;  Inhiston; 
Triraeton) 

Histamine 

c 

Guinea  pig 

0.02 

A 

0.5-5 

A 

19.45,77 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  III:    ANTIHISTAMINES  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,    without  influence  on  effect  of 
active  drug),  P  =  potentiates  active  drug  effect.   Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


■ 
Antagonist  or  Potentiator 
(Synonym) 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

|ig/ml  Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E)           (F) 

(G) 

(H) 

(G) 

Miscellaneous  ( 

concluded) 

158 

1 -Phenyl- 1- (2-pyridyl)- 
3-dimethylamino- 
propane  p-aminosali- 
cylate  (Avil;  11513c) 

Histamine 

C 

Guinea  pig 

0.1-10.0 

A 

77 

159 

l-(p-Chlorphenyl)-l- 
(2-pyridyl)- 3- dimethyl- 
amino-propane  (Chlor- 
pheniramine; Chlorpro- 

Histamine 

C 

Guinea  pig 

0.05-10.0 

A 

19,28,60 

phenpyridamine;Chlor-Trimeton)! 

160 

N'- Benzyl- N-methyl- 
piperazine  (46-125) 

Histamine 

C 

Guinea  pig 

(A) 

16 

161 

N'-Benzyl-N-ethyl- 
piperazine  (46-126) 

Histamine 

c 

Guinea  pig 

(A) 

16 

162 

N'- Benzyl- N-(n-lauryl)- 
piperazine   (895) 

Histamine 

c 

Guinea  pig 

I 

16 

163 

4-Dimethylamino-N- 
phenylpiperidine 
(Irenal) 

Histamine 

c 

Dog 

A 

1-2 

A 

78 

164 

1,2-  Diphe  nyl  -  4  -  pipe  r  idyl  - 
1-butene  (01003) 

Histamine 

c 

Guinea  pig 

A 

19 

165 

1 -Me  thyl-4 -amino- N'- 
phenyl-N'-(2'-thenyl)- 
piperidine  (Sandosten) 

Histamine 

c 

Guinea  pig 

0.08-0.15 

A 

79 

166 

5  -  Hydroxytryptam  ine 

c 

Guinea  pig 

0.3 

A 

79 

167 

2- (N- Phenyl- N-benzyl- 
aminomethyljimid- 
azoline  (Antazoline; 
Antistine;  Antastan; 
5512-M) 

Histamine 

c 

Man               1 

A 

21 

168 

c 

Guinea  pig 

0.005- 
50.0 

A 

0.0025-15.0 

A 

13,17,19. 
21,67, 
80.81 

169 

2-(l,2,3,4-Tetrahydro- 
1-naphthyl)- imidazoline 
(Tetrahydrozoline 
Tyzine) 

Histamine 

c 

Guinea  pig 

100- 
200 

A 

82 

170 

trans-j^-(4'-Methyl- 

phenyl)-l-(2'-pyridyl)- 
3-pyrrolidinoprop-  1- 
ene  hydrochloride 
(295  C  51) 

Histnmine 

c 

Guinea  pig 

0.01-1.0 

A 

60 

171 

trans-J^-(4'-Chloro- 
phenyl)-  l-(2'-pyridyI)- 
3  -  pyrrolidinoprop-  1  - 
ene  maleate  (405  C  49) 

Histamine 

c 

Guinea  pig 

0.09-2.5 

A 

60 

172 

2-Methyl-9-phenyl-2,3- 
dihydro-  1  -pyridindene 
(Nu  1326) 

Histamine 

c 

Guinea  pig 

6-12 

23 

173 

2-Methyl-9-phenyl-2,3, 
4,9-tetrahydro-l- 
pyridindene  (Phenin- 
damine;  Thephorin; 
Nu  1504) 

Histamine 

c 

Cat 

1.0 

A 

23,83 

174 

c 

Guinea  pig 

0.25-10.0 

A 

19,23,75, 
83 

175 

Acetylcholine 

c 

Cat 

1.0 

A 

23 

176 

2-Methyl-9-phenyl-2,3. 
4,4a,9,9a-hexahydro- 
1 -pyridindene  (Nu  1525) 

Histamine 

c 

Guinea  pig 

30 

A 

23 

Contributor:    Hawkins.  D.  F. 

References:    [1]  Kohler.  D..  C.  rend.  Soc.  biol.  241^:48.  1947.    [2]  Staub.  A.  M..  Ann.  Inst.  Pasteur.  Par.  63:400. 
1939.    [3]  Minard.  D..  and  Rosenthal.  S.  R.,  Proc.  Soc.  Exp.  Biol.  44:237,  1940.    [4]  Bovet,  D.,  and  Walthert, 
F.,  Ann.  pharm.  fr.  2:(suppl.),  1944.    [5]  Loew,  E.  R.,  Kaiser,  M.  E.,  and  Moore,  V.,  J.  Pharm.  Exp.  Ther. 
83jl20,  1945.    [6]  Ellis.  F.  W..  ibid  89:214,  1947.    [7]  Rosa.  L..  and  McDowall.  R.  J.,  Acta  Allerg.  4:293,  1951. 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  IV:     ERGOT  DERIVATIVES 

Drugs  are  listed  alphabetically.     C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive 
(i.e.,   without  influence  on  effect  of  active  drug),     P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and 
H  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

Hg/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

1-Acetyl-d- lysergic 
acid  diethylamide 

5- Hydroxytryptamine 

C 

Cat 

0.015-0.03 

A 

1 

2 

2-  Bromo-  d-  lysergic 
acid  diethylamide 

5-  Hydroxytryptamine 

C 

Cat 

0.015-0.03 

A 

1 

3 

Dihydroergocornine 

Histamine 

C 

Man 

0.003-0.01 

A 

2 

4 

Methacholine 

C 

Man 

0.003-0.01 

A 

2 

5 

Dihydroergotamine 

Epinephrine 

D 

Guinea  pig 

0.3-5.0 

A 

3 

6 

5-  Hydroxytryptamine 

C 

Cat 

A 

4 

7 

C 

Guinea  pig 

A 

4.0 

A 

5,6 

8 

Isoproterenol 

D 

Guinea  pig 

0.3-3.0 

A 

3 

9 

Lobe  line 

D 

Guinea  pig 

1.0 

I 

3 

10 

Nicotine 

D 

Guinea  pig 

0.3-1.0 

A 

3 

11 

Norepinephrine 

D 

Guinea  pig 

10.0 

(A) 

3 

12 

Ergometrine 

Epinephrine 

D 

rcuinea  pig 

1.0 

3 

13 

5- Hydroxytryptamine 

C 

Gtiinea  pig 

0.2 

I 

1 

14 

Norepinephrine 

D 

Guinea  pig 

1.0 

5 

15 

Ergotamine 

Arecoline 

C 

Cat 

8 

16 

C 

Dog 

I 

7,8 

17 

C 

Rabbit 

8 

18 

Diethylmorphine 

C 

Cat 

8 

19 

C 

Dog 

I 

7,8 

20 

Ephedrine' 

D 

Dog 

I 

7 

21 

If  -Ephedrine 

D 

Dog 

I 

7 

22 

Epinephrine 

D 

Cat 

2.0 

P 

8,9 

23 

D 

Dog 

2.0 

I 

7,8,9 

24 

D 

Guinea  pig 

0.8- 
10.0 

(A) 

3,10 

25 

D 

Rabbit 

8 

26 

Histamine 

C 

Cat 

8 

27 

C 

Dog 

5.0 

I 

7,8 

28 

C 

Guinea  pig 

1.5 

I 

11 

29 

C 

Rabbit 

8 

30 

5-  Hydroxytryptamine 

C 

Guinea  pig 

A 

5 

31 

Isoproterenol 

D 

Guinea  pig 

0.3-3.0 

A 

3 

32 

Morphine 

C 

Cat 

8 

33 

C 

Dog 

I 

7.8 

34 

Nicotine 

D 

Guinea  pig 

1.0 

A 

3 

35 

Norepinephrine 

D 

Guinea  pig 

10 

(A) 

3 

36 

D 

Guinea  pig 

40 

(P) 

3 

37 

Physostigmine 

C 

Cat 

8 

38 

C 

Dog 

I 

7.8 

39 

C 

Rabbit 

8 

40 

Pilocarpine 

C 

Cat 

8 

41 

C 

Dog 

I 

7.8 

42 

C 

Rabbit 

8 

43 

Ergotoxine' 

Acetylcholine 

C 

Guinea  pig 

A 

12.13 

44 

Arecoline 

C 

Cat 

8 

45 

C 

Dog 

I 

7.8 

4b 

C 

Rabbit 

8 

47 

Diethylmorphine 

C 

Cat 

8 

48 

C 

Dog 

I 

7.8 

49 

Ephedrine 

D 

Cat 

8 

bO 

D 

Dog 

I 

7.8 

51 

D 

Rabbit 

8 

/I/  Contains  ergocornine,   plus  small  amounts  of  ergokryptine  and  ergocristine. 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  IV:     ERGOT  DERIVATIVES  (Concluded) 
C  =  constricts.   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug),   P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  or  Potentiator 

Effect 

( Synonym ) 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F)    1          (G) 

(H) 

(I) 

52 

Ergotoxinel  (concluded) 

Y-  Ephedrine 

D 

Cat 

I 

8 

53 

D 

Dog 

I 

7,8 

54 

D 

Rabbit 

8 

55 

Epinephrine 

D 

Cat 

0.3 

I 

8,14 

56 

D 

Dog 

0.2-2.0 

I 

7,8,15 

57 

D 

Guinea  pig 

(A) 

16,17 

58 

D 

Pig 

A 

18 

59 

D 

Rabbit 

8 

60 

Histamine 

C 

Cat 

8 

61 

C 

Dog 

I 

7,8 

62 

C 

Rabbit 

8 

63 

Morphine 

C 

Cat 

8 

64 

C 

Dog 

I 

7,8 

65 

Muscarine 

C 

Cat              ! 

14 

66 

Nicotine 

D 

Guinea  pig 

A 

3 

67 

Norepinephrine 

D 

Guinea  pig 

3 

68 

Physostigmine 

C 

Cat 

8 

69 

C 

Dog 

I 

7,8 

70 

C 

Rabbit 

8 

71 

Pilocarpine 

C 

Cat 

8 

72 

C 

Dog 

I 

7,8 

73 

C 

Rabbit 

8 

74 

d- Lysergic  acid 
diethylamide 

Acetylcholine 

C 

Guinea  pig 

0.07 

I 

19 

75 

Histamine 

C 

Cat 

0.005-0.03 

I 

1.4 

76 

C 

Guinea  pig  i 

<0.05 

I 

1,19 

77 

5-  Hydroxytryptamine 

c 

Guinea  pig  ' 

A 

0.005-0.4 

A 

1,5,6,19 

78 

Methacholine 

c 

Guinea  pig 

0.02 

(A) 

19 

79 

Methyl-furmethide 

c 

Guinea  pig  j 

<0.08 

I 

19 

80 

Nicotine 

c 

Guinea  pig  [ 

<0.08 

I 

19 

HI  Contains  ergocornine,   plus  small  amounts  of  ergokryptine  and  ergocristine. 


Contributor;    Hawkins.    D.  F. 

References:    [l]    Konzett.   H..   Brit.  J.  Pharm.  11 
J.  Clin.  Invest.  29:439.    1950.    [3]    Hawkins,   D.  F. 
Hebb,   C.  O.,   Silver,   A.,  and  Swan.   A.  A..   Quart. 
Arch,  internat.  pharm.  dyn..   Par.  103:357,    1955. 
[7]    Swanson.   E.  E.,   J.  Pharm.  Exp.  Ther.  36:541, 
1930.    [9]    Melville,   K.  I.,   Arch,  internat.  pharm. 
[U]    Loew,    E.  R.,   Kaiser,   M.  E..   and  Moore.   V., 
Lond.  96:29P,    1939.    [13]    Hebb,   CO.,   ibid  99:57 
66:205,    1911.    [15]    Jackson,    D.  E..    J.  Pharm.  Ex 
Lond.  28:357,    1938.    [17]    Hawkins,    D.  F.  (thesis) 
Vexenat,  G..  C.  rend.  Soc.biol.JI£0:806,  1929.   [19] 


289.    1956.    [2]    Curry.   J.  J.,    Fuchs.   J.  E..   and  Leard.   S.  E., 
.   and  Paton.   W.  D..   unpublished,    1957.    [4]    Gaddum.   J.  H.. 
J.  Exp.  Physiol..   Lond.  ^8: 255.    1953.    [5]    Bhattacharya.   B.  K.. 
[6]    Herxheimer.    H..   J.Physiol.,   Lond.  J_28:435.    1955. 
,    1929.     [8]    Swanson.    E.  E.,   and  Webster,   R.  K.,   ibid  28:327, 
dyn..   Par.  ^:129.     1938.     [lO]    Warnant.   H..   ibid  £7:61.    1930. 

J.  Pharm.  Exp.  Ther.  86:1,    1946.    [12]    Hebb.    C.  O.,   J.  Physiol. 
1940.    [14]    Januschke,    H.,   and  PoUak,   L.,   Arch.  exp.  Path, 
p.  Ther.   4:59,     1912.     [  16]    Daly.   1.  de  B..   Quart.  J.  Exp.  Physiol. 

London.    1952.    [  18]    Villaret.   M..   Justin-Besan^on,   L.,   and 
Herxheimer,  H..  Arch,  internat.  pharm.  dyn..  Par.  106:371,  1956. 


Part  V:    2-HALOETHYLAMINES 
Drugs  are  listed  alphabetically.    C  =  constricts,   D  =  dilates.   A  =  antagonizes  active  drug  effect,   1  =  inactive 
(i.e..   without  influence  on  effect  of  active  drug),    P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and 
H  indicate  action  is  slight,   irregular,  or  doubtful,   and  the  original  literature  should  be  consulted. 


A^t'i  .»>K»:^*  »..    o.n.*.,^»*:^*.->. 

Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

|ig/ml  Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E)          (F) 

(G) 

(H) 

(I) 

1 

N-[  2-(2-Biphenylyloxy)- 

ethyl)  -N-(2-chloro- 
ethyD-allylamine 

Histanaine 

C 

Guinea  pig 

12.5 

I 

1 

2 

N-[  2-(2-Biphenylyloxy)- 
elhyl]  -N-(2-chloro- 
ethyl)-amylamine 

Histamine 

C 

Guinea  pig 

12.5 

I 

1 

3 

N-[  2-(2-Biphenylyloxy)- 
elhyl)  -N-(2-chloro- 
ethyl)-butylamine 

Histamine 

C 

Guinea  pig 

25.0 

I 

1 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  V:  2-HALOETHYLAMINES  (Continued) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug),   P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  or  Potentiator 

Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

4 

N-[2-(2-Biphenylyloxy)- 
ethyl]  -N-(2-chloro- 
ethyl)-ethylamine 

Histamine 

C 

Guinea  pig 

6.0 

A 

5 

N-[  2-(2-Biphenylyloxy)- 
ethyl]  -N-(2-chloro- 
ethyl)-hexylamine 

Histamine 

C 

Guinea  pig 

25.0 

I 

6 

N-[  2-(2-Biphenylyloxy)- 
ethyl]  -N-(2-chloro- 
ethyl)-isopropylamine 

Histamine 

C 

Guinea  pig 

12.5 

I 

7 

N-  [  2-  (2-  Biphenylyloxy)- 
ethyl]  -N-(2-chIoro- 
e  thyl )-  methylamine 

Histamine 

C 

Guinea  pig 

1.5 

A 

8 

N-  [  2- (2-  Biphenylyloxy  )- 
ethyl]  -N-(2-chloro- 
ethyl)-n- propylamine 

Histamine 

C 

Guinea  pig 

12.5 

A 

9 

N-[  2-(2-Biphenylyloxy)- 
ethyl]  -N-(2-chloro- 
propylj-ethylamine 

Histamine 

c 

Guinea  pig 

12.5 

A 

10 

4-  Chloro-  N-  (2-  chloro- 
ethyl)-N-ethyl-l- 
naphthalene  methylamine 

Histamine 

C 

Guinea  pig 

12.5 

I 

2 

11 

N-(2-Chloroethyl)-N- 
allyl-  1  -  naphthalene- 
nnethylamine 

Histamine 

c 

Guinea  pig 

3.0 

A 

2 

12 

N-(2-Chloroethyl)-N-n- 
amyl-  1-naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

12.5 

I 

2 

13 

N-(2-Chloroethyl)-N-n- 
butyl-  1  -  naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

12.5 

A 

2 

14 

N-(2-ChloroethyI)-N- 
sec- butyl-  1-naphtha- 
lenemethylamine 

Histamine 

c 

Guinea  pig 

12.5 

A 

2 

15 

N-(2-Chloroethyl)-N- 
ethyl-  1-naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

0.025-0.08 

A 

2,3 

16 

N-  ( 2-  ChloroethyD-  N-  n- 
hexyl-  1-naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

25.0 

I 

2 

17 

N-  ( 2-  Chloroethyl )-  N- 
isobutyl-  1-naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

12.5 

I 

2 

18 

N- (2- Chloroethyl)- N- 
isopropyl-  I  -naphtha- 
lene methylamine 

Histamine 

c 

Guinea  pig 

3.0 

A 

2 

19 

N- (2- Chloroethyl  )-N- 
(2-methoxyethyl)-I- 
naphthalenemethylamine 

Histamine 

c 

Guinea  pig 

1.5 

A 

2 

20 

N-(2-Chloroethyl)-N- 
methyl-  1-naphthalene- 
methylamine 

Histamine 

c 

Guinea  pig 

0.05-0.20 

A 

2,3 

21 

N-(2-Chloroethyl)-N-n- 
propyl- 1  -  naphthalene  - 
methylamine 

Histamine 

c 

Guinea  pig 

1.0 

A 

2 

22 

N-  [  2-  (2'  -Cyclohexylphen- 
oxy)-ethyll-N-(2-chloro- 
ethyl)-ethylamine 

Histamine 

c 

Guinea  pig 

25.0 

I 

1 

23 

N,  N-Dibenzyl-2-chloro- 
ethylamine  (Dibenamine) 

Epinephrine 

D 

Guinea  pig 

1000 

P 

4 

24 

5-  Hydroxytryptamine 

c 

Guinea  pig 

A 

5 

25 

Norepinephrine 

D 

Guinea  pig 

1000 

I 

4 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 
Part  V:    2- HALOETHYLAMINES  Concluded) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug),  P  =  potentiates  active  drug  effect.   Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

Kg/kg 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

26 

N,N-Di-(2-chloroethyl)-l- 
naphthalenemethylamine 

Histamine 

C 

Guinea  pig 

25.0 

A 

2 

27 

N-  Ethyl-  N-  ( 1  -  naphthyl-        [Histamine 
methyl)- 2- bromoethy  lam  ine; 

C 

Guinea  pig 

0.03-0.10 

A 

2.3 

28 

N-Ethyl-N- (2- naphthyl-         Histamine 
methyl)- 2- bromoethylamine; 

c 

Guinea  pig 

1.5 

A 

29 

N- Ethyl- N-(2-naphthyl-        JHistamine 
methyl)- 2- chloroethyla-mine; 

c 

Guinea  pig 

3.6 

30 

N-Ethyl-N-(1 -naphthyl-        [Histamine 
methyl)-2-fluoroethylainine  : 

c 

Guinea  pig 

(I) 

31 

N- Ethyl- N- (2- naphthyl-         Histamine 
methyl)- 2-fluoroethylamine! 

c 

Guinea  pig 

20.0 

A 

32 

N- Ethyl- N-(l -naphthyl-        JHistamine 
methyl)- 2-iodoethylamine 

c 

Guinea  pig 

0.10 

A 

33 

N-Ethyl-N-(2-naphthyl-         HisUmine 
methyl)- 2-iodoethylainine 

c 

Guinea  pig 

1.9 

A 

34 

N-Methyl-N-(1 -naphthyl-      Histamine 
methyl)- 2 -bromoethyl- 

c 

Guinea  pig 

0.11 

A 

amine 

35 

N-Methyl-N-(2-naphthyl- 
m  ethyl )  -  2  -  bromoethyl- 
amine 

Histamine 

c 

Guinea  pig 

2.1 

A 

36 

N-Methyl-N-(2-naphthyl- 
methyl)-2-chloroethyl- 
amine 

Histamine 

c 

Guinea  pig 

4.4 

A 

37 

N-  Methyl-  N  -  ( 1  -  naphthyl- 
methyl)-2-fluoroethyl- 
amine 

Histamine 

c 

Guinea  pig 

(I) 

38 

N-Methyl-N-(2-naphthyl- 
methyl)- 2-fluoroethyl- 
amine 

Histamine 

c 

Guinea  pig 

25.0 

A 

39 

N-Methyl-N-(l-naphthyl- 
methyl)- 2-iodoethyl- 
amine 

Histamine 

c 

Guinea  pig 

0.14 

A 

40 

N-  Methyl-  N  -  ( 2  -  naphthyl- 
methyl)- 2-iodoethyl- 
amine 

Histamine 

c 

Guinea  pig 

2.4 

A 

41 

N-  Phenyl-N-(  1  -naphthyl- 
methyl)-2-bromoethyl- 
amine 

Histamine 

c 

Guinea  pig 

9.0 

A 

42 

N-Phenyl-N-(l-naphthyl- 
methyl)  -  2-  chloroethyl- 
amine 

Histamine 

c 

Guinea  pig 

9.3 

A 

3 

43 

N-Phenyl-N-(l-naphthyl- 
methyl)-2-iodoethyl- 

Histamine 

c 

Guinea  pig 

8.5 

A 

3 

amine 

Contributor:    Hawkins,   D.  F. 

References:    [l]   Loew,  E.  R.,  and  Micetich,  A.,  J.  Pharm.  Exp.  Ther.  95:448,  1949.   [2]   Loew,  E.  R.,  and  Micetich, 
A.,  ibid  94:339,  1948.   [  3]  Graham,  J.  D.,  and  Lewis,  G.  P.,  Brit.  J.  Pharm.  8:54,  1953.   [4]   Hawkins,  D.  F.,  and 
Paton,  W.  D.,  unpublished,  1957.   [5)  Bhattacharya,  B.  K.,  Arch,  internal,  pharm.  dyn..  Par.  103:357,  1955. 

Part  VI:     TRIAZINES 
Drugs  are  listed  alphabetically.      C  *  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive 
(i.e.,  without  influence  on  effect  of  active  drug).    Parentheses  in  Column  H  indicate  action  is  slight,  irregular,   or 


doubtful,  and  the  original  literature  should  be  consulted. 

Antagonist 

Active  Drug 

Species 

Antagonist  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

(Synonym) 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

2-(p-Aminophenyl)-4.  6- 
diamino-  s-  triazine 

Histamine 

C 

Guinea  pig 

SO 

(A) 

1 

2 

2-Anilino-4,  6-diamino-s- 
triazlne 

Histamine 

C 

Guinea  pig 

100 

(I) 

1 
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135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  VI:    TRIAZINES  (Concluded) 
C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug).    Parentheses  in  Column  H  indicate  action  is  slight,   irregular,   or  doubtful,  and  the  original  literature 
should  be  consulted. 


Active  Drug 

Species 

Antagonist  Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

jig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

3 

2-Benzyloxy-4,  6-diamino- 
s-triazine 

Histamine 

C 

Guinea  pig 

25.0 

I 

4 

2-Butoxy-4,  6-diamino-s- 

triazine 

Histamine 

C 

Guinea  pig 

25.0 

A 

5 

2-sec.-Butoxy-4,  6- 
diamino-  s-  triazine 

Histamine 

C 

Guinea  pig 

12.5-25.0 

A 

6 

2-  (o-  Carboxyphenyl- 
amino)-4,  6-diamino-s- 
triazine 

Histamine 

C 

Guinea  pig 

100 

(I) 

7 

2-Cyclohexoxy-4,  6- 
diamino-  s-  triazine 

Histamine 

c 

Guinea  pig 

12.5-25.0 

A 

8 

2-(p-Dimethylamino- 
ethoxy)-4,  6-diamino-s- 
triazine 

Histamine 

C 

Guinea  pig 

25.0 

(A) 

9 

2-Ethoxy-4,  6-diainino-s- 
triazine 

Histamine 

c 

Guinea  pig 

25-50 

A 

10 

2-(p-Ethoxy-ethoxy)-4,  6- 
diamino-  s-  triazine 

Histamine 

C 

Guinea  pig 

50.0 

A 

11 

2-Heptoxy-4,  6-diamino- 

s-triazine 

Histamine 

C 

Guinea  pig 

25.0 

I 

12 

2-Hexoxy-4,  6-diamino- 
s-triazine 

Histamine 

C 

Guinea  pig 

12.5-25.0 

A 

13 

2-  (p-  Hydroxyphenyl- 
amino)-4,  6-diamino-s- 

triazine 

Histamine 

c 

Guinea  pig 

100 

(I) 

14 

2-Isobutoxy-4,  6-diamino- 
s-triazine 

Histamine 

c 

Guinea  pig 

12.5-25.0 

A 

15 

2-Isopropoxy-4, 6- 
diamino-s- triazine 

Histamine 

c 

Guinea  pig 

12.5-25.0 

A 

16 

2-Methoxy-4,  6-diamino- 
s- triazine 

Histamine 

c 

Guinea  pig 

50.0 

A 

17 

2-  (p-  Methylphenyl-amino)- 
4,  6-diamino-s-triazine 

Histamine 

C 

Guinea  pig 

100 

(I) 

18 

2-(p-Morpholino-ethoxy)- 
4,  6-diamino-s-triazine 

Histamine 

c 

Guinea  pig 

100.0 

(A) 

19 

2-Nonoxy-4,  6-diamino-s- 
triazine 

Histamine 

c 

Guinea  pig 

25.0 

I 

20 

2-Octoxy-4,  6-diamino-s- 
triazine 

Histamine 

c 

Guinea  pig 

25.0 

I 

21 

2-Pentoxy-4,  6-diamino-s- 
triazine 

Histamine 

c 

Guinea  pig 

25.0 

A 

22 

2-Phenoxy-4,  6-diamino-s- 
triazine 

Histamine 

c 

Guinea  pig 

50.0 

A 

23 

2-Propoxy-4,  6-diaraino-s- 
triazine 

Histamine 

c 

Guinea  pig 

12.5-25.0 

A 

1,2 

24 

Methacholine 

c 

Guinea  pig 

15.0 

A 

25 

2,  4,  6-Triamino-s- 
triazine 

Histamine 

C 

Guinea  pig 

100 

(I) 

Contributor:    Hawkins,   D.  F. 


References:    [l]    Loew,    E.  R.,   Kaiser.   M.  E.,  and  Anderson,    M.,   J.  Pharm.  Exp.  Ther.  86:7,    1946.     [2]  Chen,   G. 
and  Ensor,   C.  R.,   J.  Laborat.  Clin.  M.  34:1010,    1949. 


243 


135.    ANTAGONISTS  AND  POTENTIATORS  OF  DRUGS  ACTING  ON  THE  BRONCHI  (Continued) 

Part  VU:     ESTERS 
Drugs  are  listed  alphabetically.    C  =  constricts,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without 
influence  on  effect  of  active  drug).     Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular,   or  doubtful, 
and  the  original  literature  should  be  consulted. 


Antagonist 

Active  Drug 

Species 

Antagonist  Effect 

Local 

Systemic 

Reference 

(Synonym) 

Compound 

Effect 

|ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

Diphenylacetic 

Esters 

1 

Allylmethylaminoethyl 
diphenyl-(p-dimethyl- 
aminoethoxy)- acetate 
(Ro  3-0275) 

Histamine 

C 

Guinea  pig 

I 

1 

2 

l-Azabicyclo-[  3,3,1]- 
nonyl  4-diphenylacetate 
(Ro  2-3493) 

Methacholine 

C 

Guinea  pig 

0.06 

A 

2 

3 

1-Azabicyclo-l  3,2,1]- 
octyl  6-diphenyl- 
acetate  (Ro  2-3244) 

Methacholine 

C 

Guinea  pig 

5.0 

A 

2 

4 

l-Azabicyclo-[  3,2,1]- 
octyl  b-diphenylacetate 
methobromide 
(Ro  2-3951) 

Methacholine 

C 

Guinea  pig 

1.0 

A 

2 

5 

Diallylaminoethyl  diphenyl- 
(p-dimethylaminoethoxy)- 
acetate  (Ro  3-0276) 

Histamine 

C 

Guinea  pig 

A 

1 

6 

Diethylaminoethyl 

diphenyl-(p-dimethyl- 
aminoethoxy)- acetate 
(Ro  3-0131) 

Histamine 

C 

Guinea  pig 

A 

1 

7 

Diethylaminoethyl 
diphenylhydroxythio- 
acetate  (Ro  3-0226) 

Acetylcholine 

C 

Guinea  pig 

0.008- 
0.02 

A 

3 

8 

Diethylaminoethyl 
diphenyl-(isopropyl- 
methylaminoethoxy)- 
acetate  (Ro  3-0289) 

Histamine 

C 

Guinea  pig 

A 

1 

9 

Diethylaminoethyl  diphenyl- 
(p-morpholinoethoxy)- 
acetate  (Ro  3-0257) 

Histamine 

c 

Guinea  pig 

X 

1 

ID 

p-Diethylaminoisopropyl 
diphenyl-O-dimethyl- 
aminoethoxy)- acetate 
(Ro  3-0281) 

Histamine 

c 

Guinea  pig 

A 

1 

11 

p-  Dimethylaminoethyl 
diphenylacetate 
(Trasentin) 

Acetylcholine 

c 

Guinea  pig 

8.0 

A 

4.5 

12 

Histamine 

C 

Guinea  pig 

>10.0 

A 

50 

I 

4-7 

13 

Dimethylaminoethyl 
diphenyl-  (p-  dimethyl- 
aminoethoxy)- acetate 
(Ro  3-0190) 

Histamine 

C 

Guinea  pig 

A 

1 

14 

p-Isopropylmethyl- 

aminoethyl  diphenyl-(p- 
dimethylaminoethoxy)- 
acetate  (Ro  3-0282) 

Histamine 

C 

Guinea  pig 

A 

1 

15 

2- Methyl-  1-azabicyclo- 
[  3,3,1  ]-nonyl 4- diphenyl- 
acetate (Ro  2-3521) 

Methacholine 

c 

Guinea  pig 

1.0 

A 

2 

16 

p-  Morpholinoethyl 

diphenyl-  (p-  dimethyl- 
aminoethoxy)- acetate 
(Ro  3-0280) 

Histamine 

C 

Guinea  pig 

A 

1 

17 

p-  Morpholinoethyl 
diphenyl- (p'- 
morpholinoethoxy)- 
acetate  (Ro  3-0265) 

Histamine 

c 

Guinea  pig 

I 

1 

18 

Piperidinoethyl  diphenyl- 
acetamide  (Ho  9980) 

Acetylcholine 

c 

Guinea  pig 

0.25 

A 

9 

19 

Phyaostigmine 

C 

Guinea  pig 

0.25 

A 

9 

20 

Pilocarpine 

c 

Guinea  pig 

O.ZS 

A 

9 
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Part  VII:    ESTERS  (Continued) 
C  =  constricts,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of  active  drug). 
Parentheses  in  Columns  F  and  H  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should 
be  consulted. 


Antagonist 
(Synonym) 

Active  Drug 

Species 

Antagonist  Effect 

Compound 

Effect 

Local 

Systemic 

Reference 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B)                  i     (C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

Diphenylacetic  Esters  (concluded) 


21 

Piperidinoethyl  diphenyl- 
(p-dimethylaminoethoxy)- 
acetate  (Ro  3-0277) 

Histamine 

C 

Guinea  pig 

A 

I 

22 

Quinuclidinyl  3-a-allyl- 
diphenylacetate 
(Ro  2-3802) 

Methacholine 

C 

Guinea  pig 

1.0 

A 

2 

23 

dl-Quinuclidinyl  3- 
diphenylacetate 
(Ro  2-3202) 

Methacholine 

C 

Guinea  pig 

0.1 

A 

2 

24 

d-Quinuclidinyl  3- 
diphenylacetate 
(Ro  2-4040) 

Methacholine 

C 

Guinea  pig 

(I) 

2 

25 

1-Quinuclidinyl  3- 
diphenylacetate 
(Ro  2-4030) 

Methacholine 

C 

Guinea  pig 

0.05 

A 

2 

26 

Quinuclidinyl  3-diphenyl- 
acetate  methobromide 
(Ro  2-3203) 

Methacholine 

C 

Guinea  pig 

0.10 

A 

2 

Misce 

Uaneous  Esters 

27 

l-Azabicyclo-[  3.2,1]- 
octyl  6-fluorene-9- 
carboxylate  (Ro  2-3245) 

Methacholine 

C 

Guinea  pig 

1.0 

A 

2 

28 

p-Diethylaminoethyl  9,10- 
dihydroanthracene-9- 
carboxylate 

Acetylcholine 

C 

Dog 

1.0 

(A) 

10 

29 

Histamine 

C 

Dog 

1.0 

A 

10 

30 

C 

Guinea  pig 

A 

11 

31 

p-  Diethylaminoethyl 
fluorene-9-carboxylate 
(Pavatrine) 

Acetylcholine 

C 

Dog 

I.O 

(A) 

10 

32 

Histamine 

C 

Dog 

1.0 

(I) 

10 

33 

c 

Guinea  pig 

<50 

I 

7 

34 

3-(p-Diethylaminoethyl)- 
3-phenyl-2-benzofura- 
none  (Amethone;AP  43) 

Histamine 

c 

Guinea  pig 

(A) 

12 

35 

2- Diethylaminoethyl 
1-phenylcyclopentane- 
1-carboxylate  (Carami- 
phen;  Parpanit) 

Acetylcholine 

C 

Guinea  pig 

A 

5 

36 

Histamine 

C 

Guinea  pig 

A 

5 

37 

Ethyl  1 -methyl- 4- phenyl- 
piperidine-4-carboxy- 
late  (Pethidine;  Demerol; 
Dolantin;  Isonipecaine; 
Meperidine) 

Histamine 

C 

Guinea  pig 

0.1-5.0 

A 

0.1-25.0 

A 

6,  13-18 

38 

Methacholine 

C 

Guinea  pig 

A 

64.0 

A 

14 

39 

N- Ethyl- piperidyl  3- 

benzilate  methobromide 
(JB  323) 

Acetylcholine 

c 

Guinea  pig 

0.05 

A 

8 

40 

Histamine 

C 

Guinea  pig 

10.0 

I 

8 

41 

Methacholine 

c 

Guinea  pig 

0.5-3.0 

A 

8 

42 

p- Piperidinoethyl  methyl- 
p-xenylacetate 
(WIN  5786) 

Histamine 

c 

Guinea  pig 

A 

0.5-2.0 

A 

19 

43 

Quinuclidinyl  3-benzilate 
(Ro  2-3308) 

Methacholine 

c 

Guinea  pig 

0.025 

A 

2 

44 

Quinuclidinyl  3-benzilate 
methobromide 
(Ro  2-3773) 

Methacholine 

C 

Guinea  pig 

0.20 

A 

2 

Contributor:    Hawkins,   D.  F. 

References:  [l]  Forbes,  O.  C,  and  Marshall,  P.  B.,  Brit.  J.  Pharm.  ^:634,  1951.  [2]  Randall,  L.  O.,  Benson, 
W.  M.,  and  Stefko,  P.  L.,  J.  Pharm.  Exp.  Ther.  ^4:284,  1953.  [  3]  Hawkins,  D.  F.,  and  Parkes,  M.  W.,  unpub- 
lished,   1957.     [4]    Castillo,   J.  C,   and  De  Beer,   E.  J.,   J.  Pharm.  Exp.  Ther.  ^:  104,    1947.     [5]    Kraatz,  C.  P., 
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Part  VIII:    MISCELLANEOUS  COMPOUNDS 

Drugs  are  listed  alphabetically.      C  =  constricts,   D  =  dilates,   A  ~  antagonizes  active  drug  effect,   I  =  inactive 
(i.e.,    without  influence  on  effect  of  active  drug),   P  =  potentiates  active  drug  effect.      Parentheses  in  Columns  F 
and  H  indicate  action  is  slight,  irregular,  or  doubtful,  and  the  original  literature  should  be  consulted. 


Active  Drug 

Species 

Antagonist  or 

Potentiator 

Effect 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

Reference 

jig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(1) 

1 

6-AlIyl-6,  7-dihydro-5H- 
dibenz  (c,e)  azepine 
(Ro  2-3248) 

Epinephrine 

D 

Guinea  pig 

10. 0 

I 

1 

2 

Alstonine 

Epinephrine 

D 

Dog 

I 

2 

3 

Anagyrine 

Nicotine 

D 

Guinea  pig 

2.0 

A 

3 

4 

5 
6 

d-  A  rginine 

Acetylcholine 

C 

Guinea  pig 

300-1000 

(P) 

4 

Histamine 

C 

Guinea  pig 

300-1000 

I 

4 

Ascorbic  acid 

Epinephrine 

D 

Man 

30-500 

(P) 

5,6 

7 

D 

Guinea  pig 

3 

8 

Nicotine 

D 

Guinea  pig 

(I) 

3 

9 

Citrinin 

Acetylcholine 

C 

Guinea  pig 

7 

10 

Epinephrine 

D 

Guinea  pig 

I         1 

7 

U 

Histamine 

C 

Guinea  pig 

7 

12 

Chloroguanide  (Paludrine) 

Histamine 

C 

Guinea  pig 

5.0 

P 

8 

13 

Cocaine 

Arecoline 

C 

Dog 

7-14 

I 

9 

14 

Diethylmorphine 

C 

Cat 

A 

10 

15 

C 

Dog 

A 

7-14 

(A) 

9,10 

16 

Ephedrine 

D 

Cat 

A 

10 

17 

D 

Dog 

A 

7-14 

A 

9,10 

18 

D 

Rabbit 

A 

10 

19 

y-  Ephedrine 

D 

Cat 

A 

10 

20 

D 

Dog 

A 

7-14 

A 

9,10 

21 

D 

Rabbit 

A 

10 

22 

Epinephrine 

D 

Cat 

I 

10 

23 

D 

Dog 

I 

7-14 

P 

9,10 

24 

D 

Guinea  pig 

100 

P 

3 

ib 

D 

Rabbit 

I 

10 

26 

Histamine 

C 

Cat 

I 

10 

27 

C 

Dog 

I 

7-14 

(A) 

9,10 

28 

C 

Rabbit 

I 

10 

29 

5- Hydroxytryptamine 

C 

Cat 

A 

11 

30 

Morphine 

C 

Cat 

A 

10 

31 

C 

Dog 

A 

7-14 

A 

9,10                / 

32 

Nicotine 

C 

Cat 

1.0 

A 

3 

33 

D 

Guinea  pig 

0.05- 
1.0 

A 

3 

34 

Peptone 

c 

Guinea  pig 

1000 

A 

12 

35 

Physostigmine 

c 

Dog 

7-14 

I 

9 

36 

Pilocarpine 

c 

Dog 

7-14 

I 

9 

37 

Coniine 

Nicotine 

D 

Guinea  pig 

0.5 

A 

3 

38 

Cortisone 

Histamine 

C 

Guinea  pig 

100 

I 

13 

39 

Cytislne 

Nicotine 

D 

Guinea  pig 

5 

A 

3 

40 

Emetine 

Histamine 

C 

Cat 

1-5 

(A) 

14 

41 

C 

Guinea  pig 

10,000 
40,00 

■    A 

14 

42 

n-Heptyl  isothiourea 

Histamine 

C 

Guinea  pig 

5-10 

A 

15 
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C  =  constricts,   D  =  dilates,   A  =  antagonizes  active  drug  effect,   I  =  inactive  (i.e.,   without  influence  on  effect  of 
active  drug),    P  =  potentiates  active  drug  effect.    Parentheses  in  Columns  F  and  H  indicate  action  is  slight,  irregular, 
or  doubtful,   and  the  original  literature  should  be  consulted. 
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Active  Drug 

Species 

Antagonist  or 

Potentiator 

Effect 

Compound 

Effect 

Local         j 

Systemic 

Reference 

Hg/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

43 

Hexamethonium 

Acetylcholine 

C 

Cat 

1.0 

I 

3 

44 

C 

Guinea  pig 

<500 

I 

1-20 

A 

3,16 

45 

C 

Monkey 

10.0 

I 

3 

46 

Choline 

C 

Guinea  pig 

<500 

(I) 

3 

47 

Coniine 

C 

Guinea  pig 

10 

I 

3 

48 

Epinephrine 

D 

Guinea  pig 

<400 

I 

3 

49 

Histamine 

C 

Guinea  pig 

50- 
100 

P 

1-10 

A 

3,16 

50 

5-Hydroxytryptamine 

C 

Guinea  pig 

20 

A 

16 

51 

Lobeline 

C 

Guinea  pig 

10-40 

I 

3 

52 

D 

Guinea  pig 

10 

I 

3 

53 

Methacholine 

C 

Guinea  pig 

1-20 

A 

i6 

54 

Methyl- furmethide 

C 

Guinea  pig 

5-10 

A 

16 

55 

Nicotine 

C 

Cat 

1.0 

A 

3 

56 

D 

Cat 

10 

A 

3 

57 

C 

Guinea  pig 

0.1-20.0 

A 

16 

58 

D 

Guinea  pig 

0.1- 
1.0 

A 

3 

59 

Norepinephrine 

D 

Guinea  pig 

<400 

I 

3 

60 

Pilocarpine 

C 

Guinea  pig 

<10 

I 

3 

61 

Tetramethyl- 
ammonium 

C 

Guinea  pig 

80- 
400 

I 

3 

62 

n-  Hexyl-  isothiour  ea 

Acetylcholine 

C 

Rabbit 

(A. 
P) 

17 

63 

Histamine 

C 

Guinea  pig 

5-10 

A 

15 

64 

1-Histidine 

Acetylcholine 

C 

Guinea  pig 

300 

(P) 

4 

65 

Histamine 

C 

Guinea  pig 

300-1000 

I 

4 

66 

N-  ( 2-  HydroxyethyD-  N- 
ethyl-  1-naphthalene- 
methylamine 

Histamine 

C 

Guinea  pig 

25.0 

I 

18 

67 

Lobeline 

Epinephrine 

D 

Guinea  pig 

I 

3 

68 

Nicotine 

D 

Guinea  pig 

1.0 

A 

3 

69 

Norepinephrine 

D 

Guinea  pig 

I 

3 

70 

Magnesium 

Barium 

C 

Cat 

A 

19 

71 

4-MethylescuIetin  disul- 
phuric  acid  (IDRO-P^; 
Vitamin  P) 

Epinephrine 

D 

Man 

20 

P 

6 

72 

2-  Methyl-  4-  amino-  5- 

raethylamino-pyrimidine 
(Pl-Pyrimidine;  Grewe 
diamine) 

Histamine 

C 

Guinea  pig 

0.01- 
100 

P 

3,20,21 

73 

p-  Pyridylethylamine 

C 

Guinea  pig 

I 

21 

74 

Methyl  isothiourea 

Acetylcholine 

C 

Rabbit 

P 

17 

75 

Histamine 

C 

Guinea  pig 

2-5 

(P) 

15 

76 

Pentamidine  isethionate 

Acetylcholine 

C 

Guinea  pig 

25 

P 

22 

77 

Histamine 

C 

Guinea  pig 

25 

P 

22 

78 

Pentobarbital  sodium 

Histamine 

C 

Guinea  pig 

20 

(I) 

23 

79 

Phentolamine  (Regitine; 
7337) 

Epinephrine 

D 

Guinea  pig 

I 

3 

80 

Nicotine 

D 

Guinea  pig 

2.0 

A 

3 

81 

Norepinephrine 

D 

Guinea  pig 

I 

3 

82 

5-  Hydroxytryptamine 

C 

Guinea  pig 

A 

24 

83 

Piperoxan  (933F) 

Acetylcholine 

C 

Dog 

10 

I 

25 

84 

Prosy mpal  (883F) 

Epinephrine 

D 

Guinea  pig 

<100 

I 

3 

85 

Nicotine 

D 

Guinea  pig 

1-2 

A 

3 

86 

Norepinephrine 

D 

Guinea  pig 

<100 

I 

3 

87 

Quinidine 

Histamine 

C 

Guinea  pig 

5 

A 

26 

88 

Rutin  (Quercetin  rhamno- 
glucoside;  Vitamin  P) 

Histamine 

C 

Guinea  pig 

I 

27 

89 

Semicarbazide 

Histamine 

C 

Guinea  pig 

0.01- 
1.0 

P 

20,21 

90 

C 

Guinea  pig 

100 

A 

20,21 

91 

p-  Pyridylethylamine 

C 

Guinea  pig 

1.0 

I 

20,21 
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Active  Drug 

Species 

Antagonist  or  Potentiator  Effect 

Refer- 

(Synonym) 

Compound 

Effect 

Local 

Systemic 

(ig/ml 

Action 

mg/kg 

Action 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

92 

Sparteine 

Nicotine 

D 

Guinea  pig 

0.5 

A 

3 

93 

Suramin 

Acetylcholine 

C 

Guinea  pig 

250 

A 

22 

94 

Histamine 

C 

Guinea  pig 

250 

A 

22 

95 

Pentamidine 

C 

Guinea  pig 

250 

A 

22 

96 

Tetramethylene  di-iso- 
thiourea 

Histamine 

C 

Guinea  pig 

5 

(A) 

15 

97 

Tolazoline  (Priscol) 

Epinephrine 

D 

Guinea  pig 

10-100 

P 

3 

98 

Nicotine 

D 

Guinea  pig 

10-20 

A 

3 

99 

Norepinephrine 

D 

Guinea  pig 

100 

P 

3 

100 

Urethane 

Barium 

C 

Rabbit 

5,000-10,000 

A 

28 

101 

C 

Sheep 

5.000-10,000 

A 

28 

102 

Epinephrine 

D 

Rabbit 

5,000-10,000 

I 

28 

103 

D 

Sheep 

5,000-10,000 

I 

28 

104 

Pilocarpine 

C 

Rabbit 

5,000-10,000 

A 

28 

105 

C 

Sheep 

5,000-10,000 

A 

28 

106 

Sodium  nitrite 

D 

Rabbit 

5,000-10,000 

A 

28 

107 

D 

Sheep 

5,000-10,000 

A 

28 

108 

Yohimbine 

5-  Hydroxytryptamine 

C 

Guinea  pig 

I 

29 

Contributor:    Hawkins,   D.  F. 
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106:371,    1956.    [17]    Pastier,    F.  N.,  and  Reid,   C.  S.,   Brit.  J.  Pharm.  7:417.    1952.    [18]    Loew.    E.  R..   and 

Micetich,   A.,  J.  Pharm.  Exp.  Ther.  94:339,    1948.    [19]    Lohr,   H.,   Zschr.  ges.  exp.  Med.  29:67,    1924. 

[20]    Arunlakshana,   O.  (thesis),    London,    1953.    [21]    Arunlakshana,   O.,   Mongar,   J.  L.,   and  Schild,   H.  O..   J. 

Physiol..   Lond.  123:32,    1954.    [22]    Guimaraes.   J.  L..   and  Lour ie.   E.  M..   Brit.  J.  Pharm.  jb:514,    1951.    [23]    Loew, 

E.  R..   Kaiser.   M.  E..  and  Moore,   V.,   J.  Pharm.  Exp.  Ther.  86:1,    1946.    [24]    Bhattafharya,   B.  K.,   Arch,  internal. 

pharm.  dyn..   Par.  103:357.    1955.    [25]    Melville.   K.  I.,   ibid  28:129.    1938.     [26]    Dutta.   N.  K..   Brit.  J.  Pharm. 

4:197.    1949.    [27]    Wilson.   R.  H.,   Mortarotti,   T.  G..  and  De  Eds.  F.,  J.  Pharm.  Exp.  Ther.  90:120,    1947. 

[28]    Franklin,    K.  J.,   ibid  26:227,    1925.    [29]    Herxheimer,  H.,   J.Physiol.,    Lond.  128:435,    1955. 
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136.    pAx  VALUES  FOR  ANTAGONISTS  OF  DRUGS  ACTING  ON  THE  BRONCHI 

Values  are  the  negative  logarithm  of  the  molar  concentration  of  antagonist  required  to  reduce  the  response  to  an 
"x-fold"  dose  of  active  drug  to  that  produced  by  a  single  dose  of  active  drug  in  the  absence  of  antagonist  [  l]  .    Paren- 
theses indicate  action  is  irregular  and  the  original  literature  should  be  consulted.    C  =  constricts,   D  =  dilates. 


Active  Drug 

Effect 

Species 

Antagonist  Contact  Time 

Antagonist 

Z  min  1  10-15  min 

20- 30  min 

30  min 

Reference 

pAz 

pAlo 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

Atropine 

Acetylcholine 

C 

Guinea  Pig 

8.0 

2 

2 

C 

Guinea  pig 

8.8 

7.6 

3 

3 

Histamine 

C 

Guinea  pig 

5.9 

5.0 

3 

4 

Dihydroergotamine 

Epinephrine 

D 

Guinea  pig 

6.3 

4 

5 

Isoproterenol 

D 

Guinea  pig 

6.3 

4 

6 

Nicotine 

D 

Guinea  pig 

6.4 

4 

7 

Norepinephrine 

D 

Guinea  pig 

(4.8) 

4 

8 

Diphe  nhy  dr  a  mine 

Histamine 

C 

Guinea  pig 

7.8 

7.8 

6.9 

3 

9 

p-  Pyridylethylamine 

C 

Guinea  pig 

8.3 

3 

10 

Ergotamine 

Epinephrine 

D 

Guinea  pig 

6.0 

4 

11 

Isoproterenol 

D 

Guinea  pig 

6.1 

4 

12 

Nicotine 

D 

Guinea  pig  j 

5.8 

4 

13 

Norepinephrine 

D 

Guinea  pig 

(4.9) 

4 

14 

Meperidine 
(Pethidine) 

Histamine 

C 

Guinea  pig 

6.2 

5.1 

3 

15 

Pvrilamine 
(Mepyramine) 

Histamine 

C 

Man 

8.3 

8.8 

9.3 

6 

16 

c 

Guinea  pig 

8.7 

2 

17 

C 

Guinea  pig 

7.6 

8.8 

9.0 

5 

18 

C 

Guinea  pig 

9.1 

9.4 

8.4 

3 

19 

p-  Pyridylethylamine 

c 

Guinea  pig 

9.5 

3 

Contributor:    Hawkins,   D.  F. 

References:    [l]    Schild,    H.  O.,   Brit.  J.  Pharm.  2:189,    1947.    [2]    Parkes,    M.  W.,   personal  communication,    1949. 

[3]    Arunlakshana,   O.  (thesis),    London,    1953.    [4)    Hawkins,    D.  F.,   and  Paton,   W.  D.,   unpublished,    1957. 

[5]    Hawkins,   D.  F.  (thesis),    London,    1952.    [6]    Hawkins,    D.  F.  and  Schild,    H.  O.,   Brit.  J.    Pharm.  6:682,    1951. 


249 


137.    AEROSOLS.  GASES.  AND  VAPORS  ACTING  ON  THE  BRONCHI 

The  classification  employed  is  functional,    with  the  drugs  listed  alphabetically  within  each  Part.    Inclusion  of  trade 
names  is  for  informative  purposes  only  and  in  no  way  implies  endorsement  by  The  National  Academy  of  Sciences- 
The  National  Research  Council.    For  all  effects  included  in  this  table,   there  is  reasonable  evidence  the  drug  in  fact 
acted  on  the  bronchial  musculature.    Where  there  was  evidence  that  an  effect  was  mediated  by  the  respiratory  center 
or  adrenal  glands,   it  was  excluded.    Similarly,   results  obtained  in  protecting  guinea  pigs  against  lethal  doses  of 
histamine  were  excluded,   unless  there  was  evidence  of  the  relief  of  the  bronchospasm.    Drug  actions  influencing 
anaphylactic  or  asthmatic  bronchospasm.   or  other  pathological  states,   were  also  excluded.    Concentrations  for 
aerosols,   unless  otherwise  specified,   are  mg/ml  of  the  solution  from  which  the  aerosol  was  formed.    Parentheses 
in  Columns  E  (Part  I)  and  D  (Parts  II  and  III)  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original 
literature  should  be  consulted.    C  =  constricts.   D=  dilates,   I  =  inactive. 

Part  I:    DIRECT  ACTION 


Compound 
( Synonym ) 

Species 

Mode  of 
Administration 

Concentrationl 

Effect 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

I 

Acetylcholine 

Guinea  pig 

Aerosol 

1-30 

C 

1-8 

2 

p-Aminobenzoic  acid 

Man 

Aerosol 

50-100 

I 

9 

3 

Aminophylline  (Theophylline-ethylenediamine) 

Man 

Aerosol 

250 

(I) 

10 

4 

Amyl  nitrite 

Cat 

Vapor 

D 

11,12 

5 

Antazoline  (Antistine) 

Man 

Aerosol 

50 

I 

13 

6 

Antergan  (Lergitin) 

Man 

Aerosol 

20 

C 

13 

7 

Bromine 

Cat 

Vapor 

C 

12,14,15 

8 

Dog 

Vapor 

c 

16 

9 

Calcium  chloride 

Man 

Aerosol 

200 

D 

13 

10 

Carbachol  (Doryl;  Carbaminoylcholine) 

Man 

Aerosol 

5 

C 

9,13,18 

11 

Dog 

Aerosol 

10 

C 

19 

12 

Guinea  pig 

Aerosol 

C 

1 

13 

Chlorine 

Calf 

Gas 

55-500  mg/L 

(C) 

20 

14 

Calf 

Gas 

600-1250  mg/L 

c 

20 

15 

Pig 

Gas 

55-500  mg/L 

(C) 

20 

16 

Pig 

Gas 

600-1250  mg/L 

c 

20 

17 

Chloroform 

Cat 

Vapor 

30  vol  % 

c 

11,12 

18 

Dibenzylmethylamine  (566) 

Man 

Aerosol 

10 

D 

13,18 

19 

Ether 

Cat 

Vapor 

(D) 

14 

20 

Cat 

Vapor 

30  vol  % 

C 

11 

21 

Dog 

Vapor 

D 

21,22 

22 

Ethyl  chloride 

Cat 

Vapor 

I 

11 

23 

Furmethide  (Furtrethonium;  Furfuryl- 
trimethylammonium  iodide) 

Guinea  pig 

Aerosol 

C 

23 

24 

Glycerol 

Man 

Aerosol 

I 

17 

25 

Histamine 

Man 

Aerosol 

30-300 

C 

24,25 

26 

Dog 

Aerosol 

20 

c 

26 

27 

Guinea  pig 

Aerosol 

0.2-10.0^ 

c 

27-29 

28 

Guinea  pig 

Aerosol 

1-40 

c 

2,3.5,30- 

35 

29 

Hydrocyanic  acid 

Cat 

Gas 

D 

14 

30 

5-Hydroxytryptamine  (Serotonin) 

Man 

Aerosol 

10 

I 

36 

31 

Guinea  pig 

Aerosol 

10 

c 

3 

32 

Methacholine  (Mecholyl;  Amechol;  Acetyl-p- 
methyl  choline) 

Man 

Aerosol 

25-100 

c 

24,25 

33 

Guinea  pig 

Aerosol 

2.5-24.0 

c 

1,36-39 

34 

Methyl- furmethide  (5-MethylfurfuryI-triniethyl- 
ammonium  iodide) 

Guinea  pig 

Aerosol 

2.5 

c 

4 

35 

Nicotine 

Guinea  pig 

Aerosol 

40 

c 

4 

36 

Nikethamide  (Coramine) 

Man 

Aerosol 

200 

I 

13 

37 
38 
39 
40 
41 
42 
43 

Nitrous  oxide 

Cat 

Gas 

60  vol  % 

I 

11 

Papaverine 

Guinea  pig 

Aerosol 

10 

I 

35 

Pentylenetetrazol  (Cardiazol;  Metrazol) 

Man 

Aerosol 

100 

I 

13 

Physostigmine 

Guinea  pig 

Aerosol 

1 

c 

6 

Pilocarpine 

Guinea  pig 

Aerosol 

2 

c 

6 

Polyvinyl  pyrrolidene 

Man 

Aerosol 

125 

I 

17 

Potassium  chloride 

Man 

Aerosol 

100-200 

c 

13 

44 

Procaine  (Novocaine) 

Man 

Aerosol 

100 

D 

9 

45 

Pyrilamine  (Mepyramine;  Pyranisamine; 
Neoantergan) 

Man 

Aerosol 

20 

c 

13 

HI  See  Headnole.    /2/  |ig/L  of  vaporized  aerosol. 
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137.    AEROSOLS, 


GASES.   AND  VAPORS  ACTING  ON  THE  BRONCHI  (Continued) 
Part  I:    DIRECT  ACTION  (Concluded) 


Compound 
( Synonym ) 

Species 

Mode  of 
Administration 

Concentration* 

Effect   Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

46 

Stramonium 

Cat 

Fumes 

D 

12 

47 

Theophylline 

Man 

Aerosol 

100 

D 

9 

III  See  Headnote.    Page  250. 
Contributor:    Hawkins,    D.  F. 

References:    [l]    Chen,   G.,   and  Ensor.   C.  R.,   J.  Laborat.  Clin.  M.  34:1010,    1949.    [2]    Halpern,   B.  N.,   Arch, 
internat.  pharm.  dyn.,   Par.  ^:339,    1942.     [3]    Herxheimer,    H.,   J.  Physiol.,   Lond.  120:65P,  1953.(4]   Herxheimer, 
H.,   Arch,  internat.  pharm.  dyn.,   Par.  106:371,    1956.    [5]    Kallos,   P.,   amd  Pagel,   W.,   Acta  med.  scand.  91:292. 
1937.    [6]    Schaumann,    O.,   and  Lindner,    E.,   Arch,  exp.  Path.  214:93,    1951.    [7]    Tiffeneau,   R.,   and  Beauvallet,   M., 
C.  rend.  Soc.  biol.  _1_38:747,    1944.  .[8]    Tiffeneau,    R.,   and  Beauvallet,   M.,   ibid  _1J9:944,    1945.    [9]    Charlier,   R., 
and  Philippot,   E.,  Arch,  internat.  pharm.  dyn..   Par.  77:309,    1948.    [lO]    Segal,   M.  S.,   Levinson,   L.,   Bresnick,   E., 
and  Beakey,   J.  F.,   J.  Clin.  Invest.  28: 1 190,    1949.    [11]    Lohr,   H.,   Zschr.  ges.  exp.  Med.  ^:67.    1924.  [  12]    Symes, 
W.  L.,   Brit.  M.  J.  2:12,    1915.    [13]    Charlier,   R.,   and  Philippot,   E.,   Arch,  internat.  pharm.  dyn..   Par.  78:559, 
1948.      [14]     Dixon,   W.  E.,   and  Brodie,   T.  G.,   J.Physiol.,   Lond.  29:97,    1903.    [15]    Symes,   W.  L.,   and  Golla, 
F.  L.,   ibid  49:55P,    1915.    [16]    Jackson.   D.  E.,   J.  Pharm.  Exp.  Ther.  4:291,    1913.    [17]    Charlier,   R.,   Arch. 
internat.  pharm.  dyn..   Par.  77:337,    1948.    [18]    Charlier,   R.,   and  Philippot,   E.,    ibid  27:341,    1948. 
[19]    Dautrebande,   L.,   Philippot,    E.,   Nogar^de,    F.,   and  Charlier,   R.,   ibid  66:138,    1941.    [20]    Barbour,   H.  G., 
and  Williams,    H.  W.,   J.  Pharm.  Exp.  Ther.  24:47,    1919.    [21]    Brown,   J.  G.,    Edinburgh  M.  J.  2i:255,    1885. 
[22]    Roy,   C.  S.,   and  Brown,   G.,   J.Physiol.,    Lond.  6:21P,    1885.    [23]    Toner,   J.  J.,   and  Macko,   E.,   J.  Pharm. 
Exp.  Ther.  206:246,    1952.    [24]    Herxheimer,   H.,   Brit.  M.  J.  2:901,    1949.    [25]    Herxheimer,   H.,   Internat.  Arch. 
Allergy  2:27,    1951.    [26]    Melville,   K.  I.,   and  Kaplan,   H.,   J.  Pharm.  Exp.  Ther.  94: 182,    1948.    [27]    Lee,   H.  M., 
Dinwiddle,   W.  G.,   and  Chen,   K.K.,   ibid  90:83,    1947.    [28]    Mayer,   R.  L.,    Hutlrer,   C.  P.,   and  Scholz,   C.  R., 
Science  102:93,    1945.    [29]    Meier,   R.,   and  Bucher,   K.,   Schweiz.  med.  Wschr.  76:294,    1946.    [30]    Bovet,   D.,   and 
Walthert,    F.,   Ann.  pharm.  fr.  2:(suppl.)  1944.    [31]    Dews,   P.  B.,   and  Graham,   J.  D.,   Brit.  J.  Pharm.  2:278,    1946. 
[32]   Feinberg,  S.  M.,  Nor^n,  b.,  and  Feinberg,  R.  H.,  J.  Allergy  29:90,  1948.   [33]  Issekutz,  B.  V.,  and  Genersich, 
P.,  Arch.  exp.  Path.  202:201,  1943.   [  34]   Loew,  E.  R.,  Kaiser,  M.  E.,  and  Moore,  V.,  J.  Pharm.  Exp.  Ther.  83:120, 
1945.   [  35]  Schaumann,  O.,  Arch.  exp.  Path.  296:109,  1940.   [  36]   Herxheimer,  H.,  J.Physiol.,  Lond.  228:435,  1955. 
[  37]  Chen,  J.  Y.,  J.  Pharm.  Exp.  Ther.  222:64,  1954.   [  38]   Hambourger,  W.  E.,  Freese,  H.  B.,  Winbury,  M.  M.,  and 
Michiels,  P.  M.,  ibid  94:367,  1948.   [39]  Randall.  L.  O.,  Benson,  W.  M.,  and  Stefko,  P.  L.,  ibid  104:284,  1952. 


Part  H:  SYMPATHOMIMETIC  AMINES 
D  =  dilutes,  I  =  inactive.  Parentheses  in  Column  D  indicate  action  is  slight, 
literature  should  be  consulted. 


irregular,   or  doubtful,   and  the  original 


Compound 
(Synonym) 

Species 

Aerosol^ 

Effect 

Reference 

_^                                                                     (A) 

(B) 

(C) 

(D) 

(E) 

1 

Adrenalone  (l-(3,4- Dihydroxyphenyl) - 1  - oxo- 2 - methylamino- ethane) 

Man 

zo 

(D) 

1 

2 

l-(m-AminophenyI)-2-amino-ethanol  (WIN  5548) 

Guinea  pig 

10 

I 

2 

3 

l-(m-Aminophenyl)-2-isopropylamino-ethanoI  (WIN  5503) 

Guinea  pig 

10 

I 

2 

4 

N-n-Butyl-arterenol  (I-(3,4-Dihydroxyphenyl)-2-butylamino-ethanol) 

Guinea  pig 

0.02 

D 

3 

5 

N-Cyclopentyl-arterenol  (l-(3,4-DihydroxyphenyI)-2-cycIopcntyl- 
amino-ethanol) 

Guinea  pig 

0.03 

D 

3 

6 

dl- Epinephrine  (dl-Adrenaline;  Vaponephrin) 

Man 

22.5 

D 

4-7 

7 

2" Epinephrine  (1 -Adrenaline) 

Man 

1-20 

D 

4,5,7 

8 

Dog 

0.1-1.0 

D 

8 

9 

l-(m-Hydroxyphenyl)-2-amino-ethanol  (WIN  5501) 

Guinea  pig 

10 

I 

2 

10 

Isoproterenol  (N-isopropyl-arterenol;  Aleudrine;  Isoprenaline; 
Isuprel;  Neo-epinine) 

Man 

2-10 

D 

1,4,5,7 

U 

Dog 

10 

D 

9 

12 

Guinea  pig 

0.0005 

D 

3 

13 

Neosynephrine  (l-(m-Hydroxyphenyl)-2-methylamino-ethanol) 

Man 

4-10 

D 

1.4.7 

14 

Guinea  pig 

4 

D 

2 

15 

Norsympatol  (l-(p-Hydroxyphenyl-2-amino-ethanol) 

Man 

4-40 

D 

1 

16 

Orthoxine  (I -(o-MethoxyphenyI)-2-methylaiiiino-propane) 

Guinea  pig 

100 

D 

10 

17 

P-Phenylethylamine 

Man 

2 

(D) 

1 

18 

1  -  Phenyl-  2-  methylamino-ethanol 

Guinea  pig 

2 

D 

1 

19 

Synephrine  (Sympatol;  l-(p-Hydroxyphenyl)-2-methylamino-ethanoI) 

Man 

2-60 

D 

1 

20 

Tyramine  (l-(p-Hydroxyphenyl)-2-amino-ethane 

Man 

2 

D 

1 

III  See  Headnote,    Page  250. 
Contributor:    Hawkins,   D.  F. 

References:    [  l]  Charlier,  R.,  and  Philippot,  E.,  Arch,  internat.  pharm.  dyn.,  Par.  78:559,  1949.   [2]   Lands,  A.M.,  J. 
Pharm.  Exp.  Ther. 204:474,  1952.   [3]   Siegmund,  O.  H.,  Beglin,  N.,  and  Lands,  A.M.,  ibid  97:14,  1949.   [4]  Bresnick, 
E.,  Beakey,  J.  F.,  Levinson,  L.,  and  Segal,  M.S.,  J.  Clin.  Invest.  28:1 182,  1949.   [5]  Charlier,  R.,  Arch,  internat.  pharm. 
dyn..  Par.  77:337,  1948.   [6]  Charlier,  R.,  and  Philippot,  E.,  ibid  77:309,  1948.   [7]  Segal,  M.S.,  Beakey,  J.  F.,  Bresnick, 
E.,  and  Levinson,  L.,  J.  Allergy  ^:97,  1949.   [8]   Melville,  K.  1.,  and  Kaplan,  H.,   J.  Pharm.  Exp.  Ther.  94:182,  1948. 
[9]   Hebb,  CO.,  and  Konzett,  H.,  J.  Physiol.,  Lond.  96:228,  1949.   [10]   Feinberg,  S.  M.,  Malkiel,  S.,  Bernstein,  T.  B., 
and  Hargis,  B.  J.,   J.  Pharm.  Exp.  Ther.  99:195,    1950. 
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137.    AEROSOLS.   GASES,   AND  VAPORS  ACTING  ON  THE  BRONCHI  (Concluded) 

Part  III:    ANTAGONISTS 
Parentheses  in  Column  D  indicate  action  is  slight,   irregular,   or  doubtful,   and  the  original  literature  should  be 
consulted. 


Antagonist 
(Synonym) 

Species 

Aerosol' 

Effect 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Antazoline  (Antistine) 

Guinea  pig 

5-20 

Antagonizes  histamine. 

1.2 

2 

Antergan  (Lergitin) 

Guinea  pig 

2.5 

Antagonizes  histamine. 

3 

Atropine 

Guinea  pig 

10-30 

Inactive  against  histamine. 

4 

Bellafoline  (Belladonna  alkaloids) 

Man 

0.5 

Antagonizes  methacholine. 

5 

Bromothen 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1,2 

6 

Chlorcyclizine  (Histantin;  Perazil) 

Guinea  pig 

20 

(Antagonizes)  histamine. 

7 

Chlorneoantergan 

Guinea  pig 

2.5 

Antagonizes  histamine. 

8 

Chlorothen  (Chloropyrilene;  Tagathen) 

Guinea  pig 

2.5 

Antagonizes  histamine. 

1.6 

9 

Chlorprophenpyridamine  (Chlor-Trimeton) 

Guinea  pig 

2.5 

Antagonizes  histamine. 

10 

Cocaine 

Guinea  pig 

2.5-5 

Antagonizes  acetylcholine. 

11 

Guinea  pig 

2.5-5 

Antagonizes  histamine. 

12 

Guinea  pig 

2.5-5 

Antagonizes  5-hydroxytryptamine. 

13 

Guinea  pig 

2.5-5 

Antagonizes  methacholine. 

14 

Guinea  pig 

2.5-5 

Antagonizes  nicotine. 

15 

Guinea  pig 

2.5-5 

Inactive  against  methyl- furmethide. 

16 

Cyclizine  (Marezine) 

Guinea  pig 

(Antagonizes)  histamine. 

17 

2-Dimethylaminoethoxy-4-chloro- 
diphenylmethane  (01780) 

Guinea  pig 

(Antagonizes)  histamine. 

18 

2-Dimethylaminoethoxy-diphenyl- 
methane  (C  5581  H) 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1,2 

19 

N-Dimethylaminoethyl-phenothiazine 
(RP  3015) 

Guinea  pig 

20 

Antagonizes  histamine. 

1.2 

20 

Diphenhydramine  (Benadryl) 

Man 

14 

Antagonizes  histamine. 

21 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1.2 

22 

Doxylamine  (Decapryn) 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1,2 

23 

N-(4-Fluorobenzyl)-N-(2-pyridyl)- 
N'.N'-dimethyl-ethylenediamine 

Guinea  pig 

2.5 

Antagonizes  histamine. 

24 

Hetraroine 

Guinea  pig 

(Antagonizes)  histamine. 

25 

Meperidine  (Demerol;  Dolantin;  Pethidine) 

Guinea  pig 

10 

Antagonizes  histamine. 

26 

Methapyrilene  (Thenylene;  Histadyl) 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1.2 

27 

o-Methoxy-p- phenyl  isopropyl-methyl- 
benzylamine  (lI-RBH-85) 

Guinea  pig 

(Antagonizes)  histamine. 

28 

Phenindamine  (Thephorin) 

Guinea  pig 

20 

Antagonizes  histamine. 

29 

N-Phenyl-N-ethyl-N'.N'-diethyl- 
ethylene- diamine  (1571  F) 

Guinea  pig 

50 

Antagonizes  histamine. 

30 

N-Phenyl-N-ethyl-N',N'-dimethyl- 
ethylene-diamine  (RP  2325) 

Guinea  pig 

10 

Antagonizes  histamine. 

31 

Procaine  (Novocaine) 

Guinea  pig 

20 

Inactive  against  histamine. 

32 

Prophenpyridamine  (Inhiston;  Tri-Meton) 

Guinea  pig 

1-20 

Antagonizes  histamine. 

1.10 

33 

Pyrilamine  (Mepyramine;  Pyranisamine; 
Neoantergan) 

Guinea  pig 

2.5-20 

Antagonizes  histamine. 

1.2 

34 

Pyrrolazote 

Guinea  pig 

2.5-5 

Antagonizes  histamine. 

1.2 

35 

Scopolamine 

Man 

0.6 

Antagonizes  methacholine. 

36 

N-2-Thiazolyl-N-(p-Methoxybenzyl)- 
N'.N'-dimethyl-ethylenediamine  (194  B) 

Guinea  pig 

20 

Antagonizes  histamine. 

37 

Thonzylamine  (Neohetramine) 

Guinea  pig 

20 

Antagonizes  histamine. 

1.2,11 

38 

Trasentin 

Guinea  pig 

20 

Inactive  against  histamine. 

39 

Tripelennamine  (Pyrlbenzamine) 

Man 

20 

Antagonizes  histamine. 

8 

40 

Man 

15-20 

(Antagonizes)  methacholine. 

8,12 

41 

Guinea  pig 

5-20 

Antagonizes  histamine. 

1,2,9,11 

IM  See  Headnote,    Page  250. 

Contributor:    Hawkins,  D.  F. 
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139.    EFFECTS  OF  INTERNAL  RADIATION  EMITTERS  ON  THE  RESPIRATORY  SYSTEM:    MAMMALS  (Concluded) 

Contributors:    (a)  Stannard.   J.  N.,    (b)  Michaelson,   S.,   and  Ingram,   M. 

References:    [l]    U.  S.  Public  Health  Service  Bull.,   No.  494,    1957.    [2]    Evans,   R.,   and  Goodman,   J.  Indust.  Hyg. 
22:89,    1940.    [3]    Furth,   J.,   in  "Radiation  Biology,"  (ed.,    Hollaender,   A.),   vol  I,   part  II,   chap.  18,    New  York: 
McGraw-Hill,    1954.    [4]    Evans,   R.  D.,   Acta  Unio  Intern,  contra  Cancrum  6:1229,    1950.    [5]    Rajewsky,   B., 
Radiology  32: 57 .    1939.    [6]    Pirchan,   A.,   and  Sikl,   H.,   Am.  J.  Cancer  ]_6: 681 ,    1932.    [7]    Hursh,   J.  B.,   et  al.   Acta 
radiol.,    Stockh.  47:481 ,    1957.    [8]    Nemenov,    M.  I.,   et  al.   Bull.  Roentg.  Radiol.  _[9:37,    1938.    [9]    Hollcroft,   J.  W., 
and  Lorenz,    E.,   J.  Nat.  Cancer  Inst.  ]^;533,    1951.    [10]    Scott,   J.  K.,    Univ.  Rochester  Atomic  Energy  Project, 
Rept.  No.  UR-411,  1955.   [u]    Wager,~ll.,   Hanford  Atomic  Products  Operation,   Annual  Rept.  No.  HW-41500,    1956. 
[12]    Bair,   W.  J.,   unpublished.    [13]    Warren,    S.,   et  al,    Radiology  55:557,    1950.    [14]    Gorbman,   A.,    Proc.  Soc. 
Exp.  Biol.  7^^:237,    1949.    [15]    Thomas,   R.  G.,   and  Stannard,   J.  N.,    Univ.  Rochester  Atomic  Energy  Project,   Rept. 
No.  UR-430ri956.    [16]    Casarett,   G.  W.,   ibid,  Rept.  No.  UR-201.  1952.    [17]    Mound  Laboratory,    Rept.  No. 
MLM-761,    1952.    [  18]    Fink,   R.  M.,   "Biological  Studies  with  Polonium,    Radium,   and  Plutonium,"  U.  S.  A.  E.  C, 
National  Nuclear  Energy  Series,   Div.  VI,   vol  3,   chap.  8,   New  York:    McGraw-Hill,    1950.    [  19]    Abrams,   R.,   et  al, 
Univ.  Chicago,  Rept.  No.  CH-3875,  1946.    [20]    Bloom,    W.,   "Histopathology  of  Irradiation,"  U.  S.  A.  E.  C,   National 
Nuclear  Energy  Series.    Div.  IV,   vol  22  1,   chap.  15,   New  York:     McGraw-Hill,    1948.    [21]    Siebert,   H.  C,   and 
Abrams,   R.,    Univ.  Chicago,  Rept.  No.  CH-3539,   1946.    [22]    Lisco,   H.,   and  Finkel,    M.,    Fed.  Proc.  8:360,    1949. 
[23]    Cember,    H.,   Univ.  Pittsburgh  Graduate  School  of  Public  Health,   AEC  Contract  AT  (30-1)  912,    Rept.  No.  9, 
1957.    [24]    Cember,   H.,   et  al,    Am.  M.  Ass.  Arch.  Indust.  Health  1J^:628,    1955.    [25]    Cember,   H.,   ibid  15:449, 
1957.    [26]    Kushner,   M.,   et  al,   AEC  Contract  AT  (30-1)  1925,  New  York  Univ.,    Bellevue  Med.  Center,    Progress 
Rept.,  1957.    [27]    Tessmer,    C.  F.,   and  Jennings,   F.  L.,   Radiol.  Res.  599,    1956. 
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140.    SUMMARY,    FACTORS  AFFECTING  COMPOSITION  OF  RESPIRED  AIR:     MAN 

Part  I:    VOLUNTARY  CONTROL 

Section  1 :    Breathholding 

Ranges  in  parentheses  are  estimate  "c"  of  the  95%  range  (cf  Introduction). 


Alveolar  Air 

Breatnnoiaing  i  ime 

Before 

After 

sec 

Oz.   % 

COz.    % 

O2.   % 

CO2.   % 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

47(30-77) 

14.85(13.67-16.12) 

4.92(4.05-6.02) 

10.13(6.12-11.44) 

6.72(5.28-8.08) 

Contributor:    Craig,    F.  N. 

Reference:    Hill,   L.,   and  Flack,   M.,   J.Physiol.,    Lond.  37:77,    1908. 

Section  2;    Voluntary  Hyperventilation 
Subjects  at  rest. 


Alveolar  C02' 

L/min 

Constant  Frequency 
% 

Constant  Tidal  Volume 
% 

(A) 

(B) 

(C) 

1 
2 
3 
4 

5 

10 
20 
40 

6.08 
4.37 
2.86 
2.19 

5.86 
4.71 
3.54 
2.59 

/ 1  /  Recalculation  of  published  data. 

Contributor:    Craig,   F.  N. 

Reference:    Sunahara,   F.  A.,   Girling,   F.,   Snyder,    R.  A.,   and  Topliff,    D. ,   J.  Aviat.  M. 
28:13,    1957. 

Part  H:     EXERCISE 


Section  1 

Effect  on  Expired  and  Alveolar  CO^ 

O2  Uptake 
L/min 

Total  Ventilation 
L/min 

CO2 

Condition 

Expired  Air 

% 

Alveolar  Air 
% 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Rest,   bed 

0.24 

7.7 

3.19 

5.97 

2 

Rest,   standing 

0.33 

10.4 

3.14 

5.70 

3 
4 

Walking 

0.67 
1.07 

16.3 
24.8 

4.25 
4.62 

6.04 
6.10 

5 

1.60 

37.3 

4.67 

6.36 

6 

2.01 

46.5 

4.72 

6.20 

7 

2.54 

60.9 

4.79 

6.10 

Contributor:    Craig,   F.  N. 

Reference:    Douglas,   C.  G.,   and  Haldane,   J.  S.,   J.  Physiol.,    Lond.  45:235,    1912-1913. 

Section  2;    Effect  on  Composition  of  Expired  Air 
Bicycle  ergometer. 


O2  Uptake 

Total  Ventilation 
L/min 

Expired  Airl 

L/min 

O2,   % 

CO2,   % 

(A) 

(B) 

(C) 

(D) 

1 

0.25 

6.5 

17.05 

3.29 

2 

0.50 

10.5 

16.35 

3.99 

3 

1.00 

20.0 

16.00 

4.54 

4 

1.50 

30.0 

15.95 

4.84 

5 

2.00 

42.5 

16.15 

4.80 

6 

2.50 

56.5 

16.65 

4.34 

/ 1  /  Recalculation  of  published  data. 

Contributor:    Craig,   F.  N. 

Reference:    Bock,   A.  V.,   Vancaulaert,   C,    Dill,   D.  B. 
L.  M.,    J.   Physiol.,    Lond.  66:136,    1928. 


Foiling,   A.,   and  Hurxthal, 
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140.    SUMMARY.  FACTORS  AFFECTING  COMPOSITION  OF  RESPIRED  AIR: 

Part  U:    EXERCISE  (Concluded) 
Section  3:    Effect  on  Composition  of  Expired  Air, 
Exercise  vs  Recovery 
Treadmill  experiment.    O^  consumption  three  times  basal. 


MAN  (Continued) 


Conditions 

02,   %1 

C02,   %1 

(A) 

(B) 

(C) 

Male 

1 
2 
3 

Rest 

Exercise 

Recovery 

16.77 
15.78 
16.81 

3.95 
4.68 
4.27 

Female 

4 
5 
6 

Rest 

Exercise 

Recovery 

17.09 
16.09 
17.09 

3.47 
4.18 
3.86 

/I/  Recalculation  of  published  data. 

Contributor:     Craig,    F.  N. 

Reference:     Bruce,    R.  A.,    Pearson,    R. ,    Lovejoy,    F.  W. , 

Yu,    P.  N.,   and  Brothers,   G.  B.,   J.  Clin.  Invest.  28:1431, 

1949. 

Section  4:    Effect  on  Blood  Lactic  Acid  and  Composition  of  Alveolar  Air 
Bicycle  ergoraeter. 


O?  Uptake 

Alveolarl 

Blood  Lactic  Acid 

L/min 

Oz,   % 

C02,    % 

mEq/L 

(A) 

(B) 

(C) 

(D) 

1 

0.4 

14.55 

5.47 

1.2 

2 

0.8 

14.75 

5.40 

1.3 

3 

1.2 

14.06 

5.96 

1.6 

4 

1.6 

13.99 

6.24 

2.2 

5 

2.0 

14.33 

6.17 

3.7 

6 

2.2 

14.75 

5.96 

5.1 

III  Recalculation  of  published  data. 

Contributor:    Craig,    F.  N. 

Reference:    Dill,    D.  B.,    Edwards,    H.  T.,    Foiling,   A.,    Oberg,    S.  A. 

A.  M.,   Jr.,   and  Talbott.   J.  H.,   J.  Physiol.,    Lond.  72:48,    1931. 


Pappenheimer, 


Part  lU:     HEAT 

Section  1:    Increased  Body  Temperature;  Subjects  at  Rest  in  Hot  Baths 

Four  subjects.    O  =  oral,   R  =  rectal. 


Temperature 

Alveolar  1 

Total  Ventilation 

Body,  oc 

Bath,   oc 

02,  % 

C02,   % 

L/min 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

36.8  O 
39.7  O 

42 

14.82 
17.82 

5.58 
3.27 

7.0 
18.0 

2 

38.2  R 

39.3  R 

37 
41 

14.87 
16.04 

5.46 
3.36 

8.5 
38.0 

3 

37.8  R 
39.2  R 

43 

15.61 
16.04 

4.93 
3.10 

5.0 
39.0 

4 

36.7  O 
39.2  O 

42 

13.36 
16.11 

6.58 
3.82 

9.5 
25.5 

HI  Recalculation  of  published  data. 

Contributor:    Craig,    F.  N. 

Reference:    Hill,    L.,   and  Flack,    M.,   J.  Physiol.,    Lond.  38:57,    1909. 


Section  2:    Increased  Body  Temperature  during  Exercise 
Bicycle  ergometer.    Room  temperature,   34°C. 


Exercise 

Rectal  Temperature 

Total  Ventilation 

O2  Uptake 

Alveolar  COjl 

min 

°C 

L/min 

L/min 

% 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

10 

38.0 

45 

2.1 

6.17 

2 

20 

38.4 

47 

2.1 

5.90 

3 

30 

38.8 

48 

2.1 

5.47 

4 

40 

39.2 

50 

2.1 

5.34 

5 

50 

39.6 

52 

2.1 

5.19 

/I/  Recalculation  of  published  data. 
Contributor:    Craig,    F.  N. 
Reference:    Dill,    D.  B.,    Edwards,    H. 


T.,    Bauer,    P.  S.,   and  Levenson,    E.  J.,   Arbeitsphysiologie  4:508,    1931. 
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140.    SUMMARY.    FACTORS  AFFECTING  COMPOSITION  OF  RESPIRED  AIR:     MAN  (Continued) 

Part  IV:    CO^  INHALATION 
Section  1:    Various  Exposure  Times 


Sub. 

ects  at  rest.    R.Q.  = 

respiratory  quotient. 

CO2  Inhalation 

Total  Ventilation 

L/Min 

Inspired 

Expired 

O2  Uptake 
cc/rain 

CO2  Output 
cc/min 

R.Q. 

min 

O2.   % 

CO2,   % 

O2.   % 

CO2.    % 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 
2 

3 

4 

0 
3 
11 
18 

7.3 
33.8 

43.2 
46.6 

20.93 
19.42 
19.27 
19.11 

0.03 
5.83 
5.99 
6.10 

16.76 
18.24 
18.30 
18.24 

3.38 
6.48 
6.54 
6.75 

318 
446 
466 
447 

243 
206 
225 
293 

0.77 
0.46 
0.48 
0.66 

Contributor:    Craig,   F.  N. 

Reference:    Campbell,   J.  M.,    Douglas,   C.  G.,   Haldane,   J.  S.,   and  Hobson.   F.  G.,   J.  Physiol.,    Lond.  46:301, 


1913. 


Section 

2:    Various  Concentrations 

Inspired  CO2 

Total  Ventilation 

Alveolar  CO^l 

% 

L/min 

% 

(A) 

(B) 

(C) 

1 

0.18 

12.9 

6.34 

2 

1.02 

16.6 

6.45 

3 

2.22 

15.6 

6.69 

4 

4.17 

27.2 

6.83 

5 

5.31 

41.1 

6.99 

6 

7.50 

71.0 

8.37 

III  Recalculation  of  published  data. 

Contributor:    Craig,   F.  N. 

Reference:    Barcroft,   J.,   and  Margaria,   R.,   J.  Physiol..    Lond.  72: 175, 
1931. 

Section  3:    During  Exercise 

One  subject. 


Timel 

Treadmill  Speed 
mi/hr 

Inspired 

Expired 

Total  Ventilation 
L/min 

O2  Uptake 

min 

02,   % 

CO2,   % 

O2.   % 

CO2,   % 

L/min 

(A) 

(B) 

(G) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

0 

1.5 

17.36 

1.93 

14.21 

5.03 

15.0 

0.43 

2 

16 

1.5 

16.54 

4.36 

14.20 

6.37 

22.0 

0.47 

3 

31 

1.5 

15.81 

6.45 

14.60 

7.47 

37.5 

0.41 

4 

52 

3.0 

17.36 

1.93 

13.95 

5.06 

24.0 

0.75 

5 

63 

3.0 

16.54 

4.36 

14.04 

6.65 

35.0 

0.78 

6 

81 

3.0 

15.81 

6.45 

14.03 

8.07 

51.5 

0.82 

7 

104 

4.0 

17.36 

1.93 

13.78 

5.42 

36.0 

1.17 

8 

121 

4.0 

16.54 

4.36 

13.69 

6.95 

47.0 

1.20 

9 

150 

4.0 

15.81 

6.45 

13.39 

8.50 

60.0 

1.32 

l\l 

Start  of 

each  test 

Contributor:    Craig,    F.  N. 
Reference:    Craig,   F.  N. ,   J.  Appl. 


Physiol.  7:467,    1955. 

Part  V:    O2  INHALATION 
Section  1:    Various  Concentrations 


Inspired 

Expired 

O2.  % 

CO2.   % 

O2,   % 

CO2,   % 

(A) 

(B) 

(C) 

(D) 

1 

80.24 

0.20 

72.21 

5.84 

2 

63.67 

0.14 

57.57 

5.41 

3 

20.93 

0.03 

14.50 

5.54 

4 

15.63 

0.07 

10.60 

5.45 

5 

12.78 

0.07 

7.80 

5.28 

6 

11.33 

0.10 

8.96 

3.85 

7 

11.09 

0.10 

7.10 

4.89 

8 

6.23 

0.09 

4.30 

3.57 

Contributor:    Craig,   F.  N. 

Reference:    Haldane,  J.  S. ,   and  Priestley,   J.  G. 
Lond.  32:225,    1905. 


J.  Physiol., 
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140.    SUMMARY,   FACTORS  AFFECTING  COMPOSITION  OF  RESPIRED  AIR:    MAN  (Continued) 

Part  V:    O2  INHALATION  (Concluded) 

Section  2:    N^  in  Expired  Air 

N2  as  an  Increment  over  the  N2  contained  in  an  inspired 
gas  mixture  containing  1%  of  N^  in  O^.    Subjects  at  rest, 
submerged  in  water.    Ranges  in  parentheses  are  esti- 
mate "c"  of  the  95%  range  (cf  Introduction). 


Time 

on  Gas 
min 

Mixture 

N2  Increment 
% 

(A) 

(B) 

1 

1 

0.76(1.58-0.41) 

2 

4 

0.17(0.28-0.07) 

3 

8 

0.15(0.18-0.11) 

4 

13 

0.11(0.15-0.05) 

5 

30 

0.08(0.15-0.05) 

6 

60 

0.05(0.06-0.03) 

7 

90 

0.04(0.07-0.02) 

Contributor:    Craig,   F.  N. 

Reference:    Blevins,    W.  V.,    Frankel,   H.,   Garren,   H., 
and  Craig,    F.  N.,    Chemical  Corps  Medical  Laborato- 
ries Research  Rept.  No.  216,   Army  Chemical  Center, 
Maryland,   1953. 


Part  VI:    ADDED  RESISTANCE 

The  effect  of  added  resistance  on  the  composition  of  alveolar 
air.    Resistance  the  same  on  inspiration  and  expiration. 


Resistance 
mm  H20/cc/sec 

O2.    %1 

CO2,    %' 

(A) 

(B) 

(C) 

1 
2 

3 

0.077^! 

0.308 

0.0773 

13.93 
13.50 
14.18 

5.70 
5.95 
5.60 

III  Recalculation  of  published  data. 
ance.     /3/  After  added  resistance. 


IZl  Before  added  resist- 


Contributor:    Craig,    F.  N. 


Reference:    Cain,   C.  C,   and  Otis,   A.  B.,   J.  Aviat.  M.  20:149, 
1949. 


Part  VII:    ADDED  DEAD  SPACE 


Average  of  three  subjects. 


Added  Dead  Space 

Total  Ventilation 
L/min 

Expired 

Alveolar 

L 

02.  % 

CO2.   % 

02.  % 

CO2,   % 

(A) 

(B) 

<C) 

(D) 

(E) 

(F) 

1 
2 

3 
4 

0 

1.0 
2.0 
3.0 

8.6 
17.7 
28.9 
38.8 

17.93 
19.41 
20.02 
20.34 

3.00 
1.51 
0.86 
0.54 

15.92 
15.52 
14.40 
10.32 

4.79 
4.90 
5.95 
6.99 

Contributor:    Craig,    F.  N. 


Reference:    Swann,   H.  E.,   Jr.  (thesis),    Univ.  of  Maryland,    1950. 
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140.    SUMMARY,    FACTORS  AFFECTING  COMPOSITION  OF  RESPIRED  AIR:     MAN  (Concluded) 

Part  VIII:    ACIDOSIS 
One  subject. 


Day 

Ingested  NH4CI 
mM 

Alveolar  CO2I 
% 

(A) 

(B) 

(C) 

I 

1 

0 

5.44 

2 

2 

374 

5.15 

3 

3 

374 

4.26 

4 

4 

281 

3.90 

5 

5 

0 

4.25 

6 

6 

0 

4.81 

7 

7 

0 

5.15 

8 

8 

0 

5.42 

111  Recalculation  of  published  data. 


Contributor:    Craig,   F.  N. 


Reference:    Haldane,   J.  B.,   J.  Physiol.,    Lond.  55:265,    1921. 


Part  IX:    ALKALOSIS 


One  subject. 


Time 
hr 

Condition 

Alveolar  CO2 
% 

(A) 

(B) 

(C) 

2 
3 

4 

0.5 
3.5 
8.5 

Control 

Ingestion  57.5  g  NaHCOs 

Peak  excretion  rate  of  NaHC03 

Urine  flow  returned  to  normal 

5.8 
6.2 
6.8 
6.1 

Contributor:    Craig,    F.  N. 

Reference:    Davies,    H.  W.,   Haldane,   J.  B. ,   and  Kennaway,   E.  L.,   J.  Physiol.,   Lond. 
54:32,    1920. 

Part  X:     INHALED  PHOSGENE  RETENTION 

The  amount  retained  is  the  difference  between  the  amount  inspired  and  the  amount  recovered  in  the  expired  air. 
That  retained  is  expressed  as  a  fraction  of  the  amount  inspired.    Values  in  parentheses  are  estimate  "c"  of  the  95% 
range  (cf  Introduction). 


Species 

Retained  Gas 
% 

Reference 

(A) 

(B) 

(C) 

1 
2 
3 

Rhesus  monkey 

Dog 

Goat 

0.792(0.512-0.980) 
0.740(0.518-0.937) 
0.628(0.365-0.941) 

1 
2 
3 

Contributor:    Craig,    F.  N. 

References:    [  l]    Weston,    R.  E.,   and  Karel,    L.,   J.  Indust.  Hyg.  29:29,    1947.    [2]    Weston,   R.  E.,   and  Karel,    L.,  J. 
Pharm.  Exp.  Ther.  88:195,    1946.    [3]    Karel,    L.,   and  Weston.   R.  E.,   J.  Indust.  Hyg.  29:23.    1947. 
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142.    COMPARATIVE  PATHOLOGY  OF  THE  PNEUMOCONIOSES 

The  term  pneumoconiosis  is  used  in  a  generic  sense  to  include  the  deposition  of  any  insoluble  exogenous  particles 
in  lung  tissue,   regardless  of  the  presence  or  absence  of  sequellae.    There  are  many  more  pneumoconioses  than  the 
ones  here  listed,  including  those  considered  benign  or  asymptomatic  [  I],  and  those  manifestly  of  a  mixed  variety 
in  which  silica  is  the  more  significant  component.      It  must  be  strongly  emphasized  that  the  tabulation  here 
presented  should  be  considered  to  apply  to  the  respective  pneumoconioses  only  when  they  are  of  moderate  severity. 
It  is  obvious  that  the  amount  of  anatomic,   physiologic,   and  immunologic  alteration  depends  largely  upon  whether  the 
involvement  by  the  particular  pneumoconiosis  is  mild,   moderate,   or  severe.    Any  other  application  of  this  tabulation 
would  be  misleading  and  result  in  confusion. 


General 
Effect 

Specific              . 
Effect 

Lnthracosis 

Silicosis 

Asbestosis 

Chronic 
Berylliosis 

Bauxite  Fume 

Pneumoconiosis 

(Shaver's  Disease) 

Reference 

_^             (AJ   _ 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1 

Anatomic 

'  Emphysema 

+ 

+ 

+ 

+ 

+ 

C,3-5;D,6;E,7; 
F,8-11;G, 
12-14 

2 

Hilar 
fibrosis 

0 

+ 

0 

? 

+ 

D.15;G. 12-14 

3 

Nodular 
fibrosis 

0 

+ 

0 

+ 

0 

D,15.16;F.8-11; 
G, 12-14 

4 

Alveolar 

0 

0 

+ 

+ 

+ 

C,5,17.18:D, 

fibrosis 

19-22;E,23; 

F,8-11;G, 

12-14 

S 

Vascular 
sclerosis 

0 

+ 

+ 

+ 

+ 

D,6,24;E,25;F, 
8-ll,G. 12-14 

6 

Pleural 
fibrosis 

0 

+ 

+ 

+ 

+ 

E,7;F.8-11;G. 
12-14 

7 

^Granulomatous 
inflammation 

0 

0 

0 

+ 

0 

F,8-11;G, 12-14 

8 

Physi- 
ologic 

Reduced 
ventilatory 
movements 

+ 

+ 

+ 

+ 

+ 

C.26,27;D,28; 
E,23;F,8-11, 
G. 12-14 

9 

Reduced 

respiratory 
surface 

_Joi 

+ 

0 

+ 

+ 

C,5,17,18!F, 
8-lI;G,I2- 
14 

10 

Impaired 
gaseous 
diffusion 

J  ° 

02 

+ 

+ 

+ 

F,8-11;G, 12-14 

11 

Pulmonary 
^       hypertension 
(cor  pulmonale 

+ 

+ 

+ 

+ 

+ 

C,27;F,8-11;G, 
12-14 

12 

Immunologic 

'  Increased 

susceptibility 
to  tuberculosis 

? 

+ 

1 

?4 

?"* 

C,3-5.17,18;D. 
19;E.7, 19,29, 
30 

13 

Increased 
incidence 
pulmonary 
cancer 

0 

0 

? 

?4 

1* 

D,19,29;E.29. 
31,32 

in  Only  in  cases  of  progressive  massive  fibrosis.     /2/  Except  in  the  presence  of  diffuse  alveolar  fibrosis.     /3/  The 
propriety  of  classifying  the  increased  incidence  of  pulmonary  cancer  under  the  heading  of  immunologic  effect  is 
debatable;  it  is  done  here  for  the  sake  of  convenience  and  simplicity.     /4/  Total  number  of  cases  reported  is  too 
small. 

Contributor:    Gross,   P. 
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142.    COMPARATIVE  PATHOLOGY  OF  THE  PNEUMOCONIOSES  (Concluded) 
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144.    PHYSIOLOGY  OF  DYSPNEA 

Dyspnea  is  defined  as  breathing  associated  with  effort  or  distress,   including  subjective  breathlessness  and  objective 
evidence  of  labored  breathing. 

Part  I:    GENERAL  CAUSES 


1 

Abnormal  hemoglobins 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Fear 

2 

Acidosis 

Increased  body  metabolism 

3 

Anemia 

Neuromuscular  defects 

4 

Apprehension 

Pain 

5 

Cardiac  and  respiratory  congenital  deformities 

Pulmonary  edema 

6 

Congestive  heart  failure 

Pulmonary  embolism 

7 

Exercise 

Pulmonary  fibrosis 

8 

Exhaustion 

Pulmonary  infection 

9 

Fatigue 

Respiratory  obstruction,   acute  and  chronic 

Contributor:      Tomashefski,   J.  F. 


References:    [  l]      Richards,    D.  W.,   Jr.,   Circulation  7: 
J.  H..   Forster,   R.  E..   Du  Bois,   A.  B.,    Briscoe,   W.  A. 
1955.    [4]      Christie,    R.  V.,   Quart.  J.  M.  7j421,    1938. 
New  York: Gruen  and  Stratton,    1957. 


15,    1953.    [2]      Means,   J.  H.,   Medicine  3^309,    1924.    [3]      Comroe, 
,   and  Carlson,   E.,     "The  Limg,  "    Chicago:  Yearbook  Publishers, 
[5]      Gordon,   B.  L.,    "Clinical  Cardiopulmonary  Physiology, " 


Part  II:     MECHANISMS  INVOLVED 


General 

Specific 

Reference 

(A) 

(B) 

(C) 

Breathing:    decreased  capacity 

Anatomical  restriction  of  ventilation. 

1 

Decreased  lung  compliance. 

1,2 

Increased  effort  of  breathing. 

Mechanical  airway  resistance. 

2 

Breathing:    increased  work  of 

Oxygen  consumption  of  respiratory  muscles  large 
in  relation  to  flow  of  oxygen  through  these  muscles. 

1,  3,4 

Lungs:    decreased  diffusing  capacity 

Alveolar- capillary  block. 

3 

Loss  of  lung  tissue  and  decreased  diffusing  surface 
area. 

5.6 

Lungs:    impaired  distribution  of  air  and  blood 

Altered  ventilation  perfusion  relationships. 

4 

Decreased  effective  alveolar  ventilation. 

5,7,8.  9 

Increased  respiratory  dead  space. 

Neuroanatomical ;  neurophysiological 

Central  receptors:    thalamic  and  cortical  centers. 

5 

Mechsmoreceptors,   chemoreceptors:    sensory 
receptors  possibly  located  in  lung  parenchyma, 
airways,  joints,   muscles,  aortic  and  carotid 
bodies. 

10,  11 

Physiochemical 

Alterations  of  ventilation  or  respiratory  drive. 

b 

Increased  respiratory  stimulation  as  seen  with 
hypercapnia,   hypoxia. 

11,  12 

7 

Tissue  level:    impaired  gas  trsinsport  and 
exchange 

a 

Contributor:  (a)  Tomashefski,   J.  F. 


References:  [  l]  Otis,  A.  B.,  Physiol.  Rev.  34:449,  1954.  [2]  Fenn.  W.  O..  Am.  J.  M.  ]£:77, 
and  Whittenberger,  J.  L.,  J.  Appl.  Physiol.  5:779,  1953.  [4]  Cournand,  A.,  Richards,  D.  W., 
Bader,  M.  E.,  and  Fishman,  A.  P.,  Trans.  Ass.  Am.  Physiol.  67:162,  1954.  [5]  Donald,  K.  W. 
A.  D.,  Jr.,  and  Cournand,  A.,  J.  Appl.  Physiol.  4:497,  1952.  [b]  Austrian,  R..  McClement,  J. 
Riley.  R.  L.,  and  Cournand,  A.,  Am.  J.  M.  _n:665,  1951.  [7]  Riley,  R.  L.,  and  Cournand,  A., 
1949.    [8]      Riley,   R.  L.,   and  Cournand,   A.,    ibid  4:78,    1951.    [9]      Riley,   R.  L.,   Cournand,   A., 


1951.     [3]      Mead.   J., 
Jr.,    Bader,   R.  A..     , 
,   Riley,    R.  L.,   Renzetti, 
H.,   Renzetti,   A.  D.,   Jr., 
J.  Appl.  Physiol.  _1^:825, 
and  Donald,    K.  W.,    ibid 


4:102,    1951.     [  10]      Comroe.   J.  H.,    Forster,   R.  E..   Du  Bois,   A.  B.,    Briscoe,   W.  A.,   and  Carlson,    E.,   "The  Lung," 
Chicago: Yearbook  Publishers,    1955.    [11]      Cournand,   A.,   and  Richards,    D.  W..   "Physiologic  Derangements  of  the 
Respiratory  System,  "p  416,  New  York:McGraw-HiIl,    1957.    [  12]      Gray,   J.  S.,   "Pulmonary  Ventilation  and  Its  Physiologic 
Regulation.  "  Springfield.   Illinois: Thomas.    1950. 
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145.    O^  CONSUMPTION:     PROTOZOA 

Like  our  other  tables  covering  oxygen  consumption,   this  one  should  be  used  with  utmost  caution  and  circumspection. 
The  figures  reflect  order  of  magnitude;  often  a  value  may  not  prove  accurate  for  a  particular  requirement.    The 
table,  however,  does  have  special  utility  as  an  annotated  bibliography.    Values,   unless  otherwise  specified,   are 
cubic  millimeters  oxygen  per  million  cells  per  hour  for  mature  protozoa.    B  =  bloodstream;  C  =  culture;  G  =  in 
presence  of  glucose. 


Species 

Temp 
°C 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Balantidium  coli 

37 

9.401 

C;G. 

1 

2 

28 

4.231 

C;G. 

1 

3 

Leishmania  brasiliensis 

28 

0.42 

C;  G. 

2,3 

4 

32 

0.32 

C;  G 

2,3 

5 

37 

0.65 

C;  G. 

2,3 

6 

L.  donovani 

25 

0.44 

C;  G. 

2-5 

7 

28 

0.18 

C;  G. 

2-5 

8 

32 

0.27 

C;  G. 

2-5 

9 

37 

0.38 

C;  G. 

2-5 

10 

L.  tropica 

28 

0.39 

C;  G. 

2-4 

11 

32 

0.31 

C;G. 

2-4 

12 

37 

0.45 

C;  G. 

2-4 

13 

Leptomonas  ctenocephali 

28 

0.272 

C;  G. 

6 

14 

Paramecium  calkinsi 

25 

250 

Reactive  for  mating. 

7 

15 

25 

450 

Non- reactive  for  mating. 

7 

16 

Plasmodium  cathemerium 

38 

0.10 

1  /4  grown;  G. 

8 

17 

38 

0.25 

3/4  grown;  G. 

8 

18 

P.  cynomolgi 

38 

0.47 

Segmenters;  G. 

8 

19 

P.  inui 

38 

0.09 

Rings,   amebic. 

8 

20 

P.  knowlesi 

38 

0.08 

Rings. 

8 

21 

38 

0.34 

3/4  grown  segmenters;  G. 

8 

22 

P.  lophurae 

38 

0.18 

1/2-3/4  grown;  G. 

8 

23 

Strigomonas  fasciculata 

28 

0.372 

C:  G. 

6 

24 

S.  oncopelti 

28 

0.4l2 

C;G. 

6 

25 

Trichomonas  foetus 

28 

2.15 

C:  G. 

9 

26 

T.  hepatica 

38 

6.00 

C;  G. 

10 

27 

T.  vaginalis 

38 

2.69 

C;  G. 

11 

28 

38 

0.96 

C. 

U 

29 

Trypanosoma  congolense 

37 

1.53 

B;  G. 

12 

30 

T.  conorhini 

28 

0.26 

C;G. 

12 

31 

T.  cruzi 

28 

0.44 

B;  G. 

2,12 

32 

37 

1.09 

B;G. 

2,12 

33 

37 

1.24 

B;  G. 

2.12 

34 

28 

0.25 

C;  G. 

2,3,13 

35 

32 

0.43 

C;  G. 

2,3,13 

36 

37 

0.33 

C;  G. 

2,3.13 

37 

T.  equinum 

37 

1.66 

B:G. 

12 

38 

T.  equiperdum 

28 

0.53 

B;  G. 

2,12 

39 

37 

0.91 

B;  G. 

2,12 

40 

37 

1.85 

B;  G. 

2,12 

41 

T.  evansi 

37 

1.66 

B;  G. 

12 

42 

T.  gambiense 

37 

1.70 

B;  G. 

12 

43 

28 

0.14 

C;  G. 

2.12 

44 

30 

0.38 

C;  G. 

2,12 

45 

37 

0.21 

C;  G. 

2,12 

46 

T.  hippicum 

37 

0.66 

B;G. 

2,14 

47 

38 

2.00 

B;G. 

2,14 

48 

T.  lewisi 

37 

0.69 

B;  G.  Old. 

2 

49 

37 

0.50 

B;  G.  Young. 

15,16 

50 

37 

125. 5^ 

B,   4  da,  untreated  hostg;  G. 

17 

51 

37 

92.43 

B,   4  da,   treated  hosts;  G. 

17 

52 

T.  pipistrelli 

30 

0.13 

C:G. 

12 

53 

T.  rhodesiense 

28 

0.77 

B;  G. 

2,18 

54 

37 

1.03 

B;  G. 

2,18 

55 

37 

1.94 

B;  G. 

2,18 

/I/  cu  mm  O^  per  1,000  organisms  per  hr.     /2/  Calculated  from  dry  weight.    /3/  cu  mm  O2  per  2  x  108  organisms 
per  hr. 
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145.    02  CONSUMPTION:    PROTOZOA  (Concluded) 

Values,   unless  otherwise  specified,  are  cubic  millimeters  oxygen  per  million  cells  per  hour  for  mature  protozoa. 
B  =  bloodstream;  C  =  culture;  G  =  in  presence  of  glucose. 


Species 

Temp 
°C 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

56 
57 
58 

Trypanosoma  vivax,   rat  strain 
T.  vivax,    sheep  strain 

36.5 
36.5 
36.5 
36.5 

1.17 
2.00 
0.63 
2.82 

B;  G.  Old. 
B;  G.  Yoimg. 
B;  G.  Old. 
B;  G.  Young. 

19 
19 
19 
19 

Contributors:    (a)  Silverman,   M.,   (b)  Vernberg,   W.  B.,   (c)  Von  Brand,   T.,   (d)  Wichterman.   R.,   (e)  Ivey,   M. 

References:    [1]    Agosin,   M.,   Von  Brand,   M.,   and  Von  Brand,   T.,  J.  Infect.  Dis.  ^:  101,    1953.    [2]    Von  Brand, 
T.,   and  Johnson,    E.  M.,   J.  Cellul.  Physiol.  29:33,    1947.    [3]    Chang,   S.  L.,   J.  Infect.  Dis.  82:109,    1948.    [4]    Adler, 
S.,  and  Ashbel,   R..   Arch.  zool.  ital.  20:521,    1934.    (5]    Fulton,   J.  D.,   and  Joyner,    L.  P.,   Trans.  Roy.  Soc.  Trop. 
M.  Hyg.,    Lond.  «:273,    1949.    [6]    Lwoff,    A.,   Zbl.  Bakt.  J^:49B.    1934.    [7]    Boell,    E.  J.,    and  Woodruff,    L.  L., 
J.  Exp.  Zool.  87:385,    1941.    [8]    Maier,   J.,   and  Coggeshall.   L.  T.,   J.  Infect.  Dis.  ^:87,    1941.    [9]    RledmuUer,  L., 
Zbl.  Bakt.  137:428,    1936.    [lO]    Williams,   R.,    Massart,   L.,   and  Peeters,   G.,   Naturwissenschaften  ^O:  169.    1942. 
[11]    Read,   C.  P.,   and  Rothman,   A.,   Am.  J.  Hyg.  fca:249,    1955.    [12]    Von  Brand,   T.,   Tobie,   E.  J.,   and  Mehlman, 
B.,   J.  Cellul.  Physiol.  25:273,    1950.    [13]    Von  Brand,   T.,   Johnson,   E.  M.,   and  Rees,   C.  W.,   J.  Gen.  Physiol. 
20:163,    1946.    [  14]    Harvey,   S.  C,   J.  Biol.  Chem.  179:435,    1949.  [15]    Moulder,   J.  W.,   Science  206: 168,    1947. 
[16]    Moulder,   J.  W.,   J.  Infect.  Dis.  83:42,    1948.    [17]    Zwiesler,   J.,   and  Lysenka,    M.,   J.  Parasit.,   Lane.  40:531, 
1954.    [18]    Christophers,   S.  R.,   and  Fulton,   J.  D.,   Ann.  Trop.  M.  Parasit.,   Li verp.  22:43,    1938.   [19]    Desowitz, 
R.,   Exp.  Parasitol.  2:250,    1956. 

146.    O2  CONSUMPTION:    HELMINTHS 

Like  our  other  tables  covering  oxygen  consumption,   this  one  should  be  used  with  utmost  caution  and  circumspection. 
The  figures  reflect  order  of  magnitude;  often  a  value  may  not  prove  accurate  for  a  particular  requirement.    The 
table,   however,   does  have  special  utility  as  an  annotated  bibliography.    Values,   unless  otherwise  specified,   are 
cubic  millimeters  oxygen  per  milligram  dry  substance  per  hour  for  adult  animals.    G  =  in  presence  of  glucose. 


Species 

Temp 
°C 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Ascaridia  galli 

37 

2.5 

1 

2 

Ascaris  lumbricoides 

30 

0.38 

Eggs,    0-2  da. 

2 

3 

30 

0.80 

Eggs,    10-20  da. 

2 

4 

30 

0.15 

Eggs,    45  da. 

2 

S 

37 

O.82I 

SmaU. 

3 

6 

37 

O.33I 

Large. 

3 

7 

37 

O.59I 

Males. 

4 

8 

37 

O.32I 

Females. 

4,5 

9 

39 

O.42I 

Small. 

6 

10 

Diphyllobothrium  latum 

37 

2.7 

Proglottids. 

7 

11 

37 

15.0 

Proglottida.   G. 

7 

12 

22 

0.34 

Plerocercoids,  G. 

7 

13 

22 

0.67 

Plerocercoids,   G. 

7 

14 

Euplanaria  tigrina 

20 

1.8 

Starved. 

8 

15 

20 

1.4 

Normal  fed. 

8 

16 

25 

2.0 

Starved. 

8 

17 

25 

2.2 

Normal  fed. 

8 

18 

30 

2.5 

Normal  fed. 

8 

19 

35 

3.5 

Starved. 

8 

20 

35 

2.6 

Normal  fed. 

8 

21 

E^strongylides  ignotus 

37 

0.56' 

Larvae. 

9 

22 

Fasciola  hepatica 

37.5 

1.94 

1 

23 

Gorgoderina  attenuata 

21 

0.40 

10 

24 

Gynaecotyla  adunca 

23.6 

0.132 

11 

25 

30.4 

0.29^ 

In  air. 

11 

26 

30.4 

0.132 

In  5%  O2. 

12 

27 

30.4 

0.1  02 

In  100%  O^. 

12 

28 

Haemonchus  contortus 

30 

9.7 

Eggs  (morula). 

1 

29 

30 

10.7 

Eggs  (blastula). 

I 

30 

30 

12.6 

Larvae. 

I 

31 

Heterakis  spumoaa 

38 

4.0 

13 

32 

Monieza  expanse 

37.5 

1.1 

Head  region;  G. 

14 

/I/    Calculated  on  dry  matter  percentage.    /2/  Based  on  volume  determinations. 
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146.    02  CONSUMPTION:    HELMINTHS  (Concluded) 

Values,   unless  otherwise  specified,   are  cubic  millimeters  oxygen  per  milligram  dry  substance  per  hour  for  adult 
animals.    G  =  in  presence  of  glucose. 


Species 

Temp 
°C 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

33 

Monieza  expansa  (concluded) 

37.5 

0.9 

Mature  proglottids;  G. 

14 

34 

37.5 

0.6 

Gravid  proglottids;  G. 

14 

35 

Nematodirus  spp 

37 

5.1 

1 

36 

Neoaplectana  glaseri 

30 

12.6 

1 

37 

Nippostrongylus  muris 

30 

18.4 

Larvae,    1  da. 

1 

38 

30 

13.0 

Larvae,   4  da. 

1 

39 

30 

9.2 

Larvae,    12  da. 

1 

40 

37 

6.8 

1 

41 

Ostertagia  circuracincta 

38 

7.4 

13 

42 

Pararaphistomum  cervi 

38 

0.03 

13 

43 

Plana  ria  alpina 

5 

30 

15 

44 

15 

240 

15 

45 

P.    gonocephala 

5 

40 

15 

46 

15 

170 

15 

47 

Schistosoma  mansoni 

37.5 

6.0 

Pairs. 

16 

48 

37.5 

8.7 

Pairs;  G. 

16 

49 

37.5 

9.1 

Males;  G. 

16 

50 

37.5 

10.7 

Females;  G. 

16 

51 

8.5 

Pairs,   untreated  hosts;  G. 

17 

52 

2.9 

Pairs,   treated  hosts;  G. 

17 

53 

Strongylus  equinus 

38 

3.3 

13 

54 

S.  vulgaris 

38 

3.6 

13 

55 

Syphacia  obvelata 

38 

4.4 

13 

56 

Tetrameres  confusa 

0.24 

18 

57 

Trichinella  spiralis 

37.5 

2.35 

Larvae 

19 

58 

37.5 

2.37 

Larvae;  G. 

19 

Contributors:     (a)  Chang,   S.  L.,     (b)  Silverman,   M.,     (c)  Vernberg.   W.  B.,     (d)  Von  Brand,   T.,     (e)  Sawaya,   P. 

References:    [l]    Rogers,   W.  P.,    Parasitology.   Lond.  39:105,    1948.    [2]    Passey,   R.,   and  Fairbairn,    D.,   Canad. 
J.    Biochem.  Physiol.  33:1033.    1955.    [3]    Kreuger,    F.,   Zool.  Jahrb.  Abt.  allgem.  Zool.  57:1 ,    1936.    [4]    Adam,   W.. 
Zschr.  vergl.  Physiol.  J_6: 229.    1932.    [5]    Von  Brand,   T..   ibid2J^:220,    1934.    [6]    Laser,    H.,   Biochem.  J.,    Lond. 
38:333.    1944.    [7]    Friedheim,    E.  A.,   and  Baer,   J.  G.,   Biochem.  Zschr.  265:329.    1933.    [8]    Sawaya,   P.,   and 
Ungaretti,   M.  D.,   Bol.fac.  filosof.  cienc.  e  letras,   Univ.  53^0  Paulo,   Zoologia  13:330,    1948.    [9]    Von  Brand,   T.. 
Biol.  Bull.  82:1.    1942.    [  10]    Goodchild,   C,   J.  Parasit.,   Lane.  40:591,    1954.  Xn]    Hunter,   W.,   and  Vernberg,   W., 
Exp.  Parasitol.  4:54,    1955.    [12]    Hunter,   W.,   and  Vernberg,    W.,   ibid  4:427,    1955.    [13]    Lazarus,   M.,   Austral. 
J.  Sc.  Res.  B  3:245,    1950.    [14]    Alt,    H.  L.,   and  Tischer,   O.  A.,   Proc.  Soc.  Exp.  Biol.  29:222,    1931.    [15]    Biasing, 
I.,   Zool.  Jahrb.  64:112,    1953.    [16]    Bueding,   E.,   J.  Gen.  Physiol.  33:475,    1950.    [17]    Bueding,    E.,   Peters,   L., 
Koletsky,   S.,   and  Moore,   D.,   Brit.  J.  Pharm.  8: 15,    1953.    [18]    Villella,   G.,   and  Ribeiro,   L.,   Anais  da  Acad. 
Brasileina  de  Ciencias  27:87,    1955.    [19]    Stannard,   J.  N.,   McCoy,   O.  R.,   and  Latchford,   W.  B.,   Am.  J.  Hyg. 
27:666,    1938. 
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147.    02  CONSUMPTION:     INVERTEBRATES 

Like  our  other  tables  covering  oxygen  consumption,   this  one  should  be  used  with  utmost  caution  and  circumspection. 
The  figures  reflect  order  of  magnitude:  often  a  value  may  not  prove  accurate  for  a  particular  requirement.    The 
table,   however,   does  have  special  utility  as  an  annotated  bibliography.    Values,   unless  otherwise  specified,   are 
cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals. 


Class  and/or  Species 

Temp 
°C 

Rate 

Reference 

(A) 

(B) 

(C) 

(D) 

Porifera 


1 

Suberites  massa 

22.4 

24.1                  1 

1 

Coelenterata 

Hydrozoa 

2 

Carmarina  hastata 

16 

6.0 

2 

3 

20 

8.0 

2 

4 

Scyphozoa 

25 

2.0 

3 

5 

Aurelia  aurita 

13 

3.4 

4 

6 

17 

5.0 

4 

7 

Rhizostoma  pulmo 

16 

7.2 

2 

8 

Anthozoa 

26 

15.3 

5 

9 

Anemonia  sulcato 

18 

13.4 

6 

Ct 

enophora 

10 

Be  roe  ovata 

16 

5.0 

2 

U 

Cestus  veneris 

16 

2.6 

2 

12 

25 

25.0 

3 

Echinodermata 

Asteroidea 

13 

Asterias  rubens 

IS 

30 

7 

14 

A.  rubens,   Baltic  Sea 

15 

21 

8 

IS 

A.  rubens.   North  Sea 
Echinoidea 

15 

24 

8 

16 

Strongylocentrotus  lividus 
Holothuroidea 

25 

15 

3 

17 

Holothuria  impatiens 

25 

17 

3 

18 

H.  stellata 
Ophiuroidea 

25 

4 

3 

19 

Ophioderraa  longicauda 

25 

8 

9 

20 

25 

32 

3 

Mollusca 

Cephalopoda 

21 

Eladone  moschata 

16 

181 

9 

22 

25 

28 

3 

23 

Octopus  vulgaris 

16 

47 

10 

24 

16 

87 

2 

25 

20 

117    • 

2 

26 

25 

68 

3 

27 

25 

102 

3 

28 

Sepia  officinalis 
Gastropoda 

15 

320 

3 

29 

Aplysia  limacina 

16 

30 

9 

30 

Australorbis  glabratus 

10 

16.5 

11 

31 

30 

133 

11 

32 

Helix  pomatia 

20 

94 

12 

33 

Liroax  agrestis 

20 

350 

13 

34 

Lymnaea  stagnalis 

10 

36.7 

11 

35 

20 

123 

11 

36 

Pleurobranchea  meckeli 

25 

36 

3 

37 

Plerotrachea  coronata 

16 

7.8 

2 

38 

20 

11 

2 

39 

Tethys  leporina 

16 

12 

2 

40 

Pelecypoda 

20 

15 

2 

41 

Mytilus  sp 

20 

22 

14 

42 

22.3 

55 

15 

43 

M.  edulis 

14 

13 

10 

44 

M.  galloprovincialis 

25 

18 

3 
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147.     02  CONSUMPTION:    INVERTEBRATES  (Continued) 
Values,   unless  otherwise  specified,   are  cubic  millimeters  oxygen  per  gr8iin  fresh  weight  per  hour  for  adult  animals. 


Class  and/or  Species 

Temp 
°C 

Rate 

Reference 

(A) 

(B) 

(C) 

(D) 

Annelida 


Oligochaeta 

45 

Glossoscolex  sp,   small 

25 

109 

16 

46 

Glossoseolex  sp,   large 

25 

38 

16 

47 

Limnodrilus  claparedeanus 

18.5 

496 

17 

48 

L.  hofmeisteri 

25 

loio' 

18 

49 

Lumbricus  sp 

18.5 

64 

19,20 

50 

20 

170 

13 

51 

L.  commimis 

21.5 

206 

21 

52 

L.  herculeus 

10 

45 

22 

53 

L.  terrestris 

20.5 

138 

21 

54 

Pheretima  hawaya,   small 

25 

271 

16 

55 

P.  hawaya,   large 

25 

60 

16 

56 

Pontoscolex  sp,   small 

25 

272 

16 

57 

Pontoscolex  sp,   large 

25 

145 

16 

58 

Tubifex  sp 

25 

200 

23 

59 

Tubifex  tubifex 
Polychaeta 

18.7 

408 

17 

60 

Arenicola  sp 

12 

30 

24 

61 

Chaetopterus  pergamentaceus 

15 

8 

25 

62 

Glycera  siphonostoma 

25 

15 

6 

63 

Nereis  virens 

15 

26 

25 

64 

Sabella  pavonina 

10 

62 

26 

65 

17 

43 

26 

66 

Spirographis  spallanzami 

25 

135 

27 

Sipimculoidea 

67 

Sipunculus  nudus 

16 

50 

9 

Arthropoda 

Crustacea 

68 

Asellus  sp  (isopod) 

17 

348 

28 

69 

A.  aquaticus  (isopod) 

10 

700 

29 

70 

Astacus  fluviatilis  (crayfish) 

15 

30 

30 

71 

A.  leptodactylus  (crayfish) 

20 

70 

31 

72 

A.  torrentium  (crayfish) 

20 

100 

32 

73 

Callianaxa  subterranea 

15 

930 

3 

74 

Carcinus  maenus  (shore  crab) 

15 

625 

3 

75 

Dronia  vulgaris  (crab) 

15 

3000 

3 

76 

Emerita  talpodia 

20 

112 

33 

77 

Eriphia  spinifrons 

15 

1828 

3 

78 

Galathea  squamifera  (crab) 

15 

215 

3 

79 

Homarus  americanus  (lobster) 

15 

507 

25 

80 

Ilia  nucleus 

15 

253 

3 

81 

Maja  verrucosa  (crab) 

15 

1460 

3 

82 

Ocypode  albicans  (ghost  crab) 

26 

139 

34 

83 

Pachygrapus  marmoralus  (shore  crab) 

15 

1137 

3 

84 

Paguristis  maculata 

15 

1600 

3 

85 

Palaemon  serratus  (prawn) 

16 

106 

9 

86 

P.  squilla  (prawn) 

19 

128 

10 

87 

Palinurus  vulgaris  (rock  lobster) 

15 

12,874 

3 

88 

Pandalina  brevirostrus 

15 

20 

35 

89 

Pandalus  montagui  (prawn) 

15 

289 

35 

90 

Pilumnus  hirtellus 

15 

160 

3 

91 

Pugettia  producta  (kelp  crab) 

15 

100 

36 

92 

Sicyonia  sculpa 

15 

443 

3 

93 

Spirontocaris  cranchi 

15 

6 

35 

94 

S.  securifrons 

15 

349 

35 

95 

Talorchestia  meglopthalma  (beach  flea) 

17 

180 

28 

96 

20 

246 

37 

97 

Trichodactylus  petropolitanus 

20 

0.802 

38 

98 

20 

0.19' 

38 

99 

20 

0.25^ 

38 

III    Normal  fed.    /2/  Starved.    /3/  Dry  weight. 
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147.     Oz  CONSUMPTION:     INVERTEBRATES  (Continued) 
Values,  unless  otherwise  specified,  are  cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals. 


Class  and/or  Species 

Temp 
"C 

Rate 

Reference 

(A) 

(B) 

(C) 

(D) 

Arthropoda  (concluded) 

Onychophora 

100 

Epiperipatus  brasiliensis 

25 

230 

39 

101 

Peripatus  accacioi 

10 

37 

40 

102 

20 

92 

40 

103 

Insecta 

30 

226 

40 

104 

Aedes  aegypti  (mo8quito),<^ 

26 

2330 

41 

lOS 

? 

26 

4200 

41 

106 

Anopheles  quadrimaculatus  (mosquito),  rf 

26 

2300 

41 

107 

9 

26 

2840 

41 

108 

Apis  melllfera,  (hive  bee) 

20 

17,466 

42 

109 

True  flight 

20 

87.000 

43 

110 

Culex  sp  (mosquito) 

20 

575 

45 

HI 

C.  pipiens,  <i 

26 

3430 

41 

112 

9 

26 

2580 

41 

113 

Drosophila  sp  (fruit  fly) 

20 

1560 

46 

114 

True  flight 

20 

21,800 

46 

115 

D.  repleta  (fruit  fly) 

20 

1680 

47 

116 

True  flight\ 

20 

21,000 

47 

117 

Formica  sp  (ant) 

20 

532 

48 

118 

Geotrupes  sp 

21 

447 

48 

119 

Limnophilus  vittatus  (trichopterid) 

10 

500 

29 

120 

Lucelia  sericata,   true  flight 

20 

95,600 

49 

121 

Melanotus  communis  (click  beetle) 

21 

1920 

28 

122 

27 

2400 

28 

123 

Melolontha  sp  (beetle) 

20 

724 

50 

124 

20 

960 

51 

125 

Musca  sp  (house  fly) 

20 

3200 

51 

126 

20 

S112 

42 

127 

M.  domestica 

20 

1980 

28 

128 

Passalus  cornutus  (beetle) 

17 

30 

28 

129 

Periplaneta  orientalis  (cockroach) 

20 

277 

12 

130 

25 

450 

51 

131 

Venessa  sp  (butterfly) 

20 

600 

14 

132 

True  flight 

20 

100,000 

14 

133 

Zooterraopsis  angusticollis  (termite) 

20 

400 

52 

134 

Z.  nevadensis  (termite) 

20 

423 

53 

Contributor:    Flemister,   L.  J. 
References:   [l]  Putter,  A.,  Zschr.  allgem.  Physiol.  16:65.  1914.   [2]  Vernon,  H.  M.,  J.  Physiol.,  Lond.  19:18,  1896. 
[3]  Montuori,  A.,  Arch.  ital.  biol.  59:21  3,  1913.   [4]  ThiU,  H.,  Zschr.  wiss.  Zool.  ^: 51 ,  1937.   [5]  Krumbach,  M.,  Zool. 
Jahrb.Abt.  allgem.  Zool.  53:212,  1933.    [6]  Von  Buddenbrock,  W.,  Zschr.  vergl.  Physiol.  26:303,  1938.    [7]  Meyer,  H., 
Zool.  Jahrb.  Abt.  allgem.  Zool.  55:349,  1935.    [8]  Bock,  K.J.,  and  Schlieper,  C,  Kielers  Meeresforschungen 9:201 ,  1953. 
(9)  Cohnheim,  O.,  Zschr.  physiol.  Chem.  76:298,  1912.   [10]  Jolyet,  and  Regnard,  Arch.  Physiol,  pp 44- 62,  584-633,  1877. 
[U]  Von  Brand.  T.,  and  Mehlman,  B.,  Biol.  Bull.  104:301,  1953.   [12]  Vernon,  H.  M.,  J.  Physiol.,  Lond.  21^:443,  1897. 
[13]  Thunberg,  T.,  Skand.  Arch.  Physiol.  n^:l  33,  1905.   [14]  Krogh,  A.,  "The  Comparative  Physiology  of  Respiratory 
Mechanisms,"  Philadelphia:  Univ.  of  Pa.  Press,  1941.   [15]  Bruce,  R.,  Biochem.  J..  Lond.  20:829,  1926.   [16]  Mendes, 
E.  G.,  and  Valente,  D.,  Bol.  fac.  filosof.  cienc.  e  letras,    Univ.  Sao  Paulo,  Zoologia  18:91 ,  1953.   [17]  Koenen,  M.L.,  Zschr. 
vergl.  Physiol.  22:436,  1951.    [18]  Mendes.  E.G..  Gonzalez,  M.  D.,  andCoutinho,  M.L.,  Bol.  fac.  filosof.  cienc  e  letras, 
Univ.  Sao  Paulo,  Zoologia  1^:289,  1951.   [19]  Lesser,  E.J.,  Zschr.  Biol.  50:421 ,  1908.   [20]  Lesser,  E.J..  Zschr.  Biol. 
51:294,   1908.    [21]  Konopacki,  M.,  Mem.  Acad.  Sc,  Cracovie,  p357,   1907.    [22]  Johnson,  M.  L.,  J.  Exp.  Biol.  ]^:266,  1'942. 
\Ti]  Brazda,  P.,  Proc.  Soc.  Exp.  Biol.  42:734,  1939.   [24]  Borden,  M.  A.,  J.  Marine  Biol.  Ass.,  Plymouth  r7:709.  1931. 
[25]  Bosworth.  M.  W.,  etal,  J.  Cellul.  Physiol.  9:77,  19  36.   [26]  Ewer,  R.  F.,  and  Fox,  H.  M.,  Proc.  Roy.  Soc,  Lond., 
B129:137,  1940.    [27]  Mendes,  E.G.,  Pubbl.  Staz.  Zool.  Napoli  22:  349,  1950.    [28]  Edwards,  G.A.,  J.  Cellul.  Physiol. 
27:53.  1946.   [29]  Fox,  H.  M. .  and  Baldes,  E.  J.,  J.  Exp.  Biol.  1^:  174,  1935.   [30]  Lindstedt,  P.,  Zschr.  Fischerei  M:  193, 
1914.   [31]  Wolsky,  A.,  and  Holmes,  B.E..  Ungar.  biol.  forsch.  Arch.  6: 123.  1933.   [32]  Wolsky,  A.,  ibid7:116,  1934. 
[3  3]  Edwards,  G.  A.,  and  Irving,  L. ,  J.  Cellul.  Physiol.  2^:169,  194  3.  134)  Flemister,  L.  J.,  and  Flemister,  S.  C,  Biol. 
Bull.  lOJ^: 259,  1951.   [35]  Fox,  H.  M.,  Proc.  Zool.  Soc. ,  Lond.  106:945.  1936.   [36]  Weymouth,  F.  W. ,  etal,  Physiol.  Zool. 
r7:50,  1944.   [37]  Edwards,  G.  A.,  and  Irving.  L.,  J.  Cellul.  Physiol.  2J^:  1 83,  1943.    [38]  Valente,  D.,  Bol.  fac.  filosof. 
ciinc.  e  letras,  Univ.  Sao  Paulo,  Zoologia  9:98.  1945.    [39]  Morrison.  P.R.,  Biol.  Bull.  9^:  181 ,  1946.   [40]  Mendes.  E.G.. 
andSawaya,  P.,  Ciencia  e  Cultura9:120,  1957.   [41]  Mercado,   T.  1.,  Trembley,  H.  L. ,  andVon  Brand.  T..  Physiol, 
comparata  etOecologia  4:200,  1956.   [42]  Paron,  M.,  Ann.  dessc.  nat.  Zool.  9: 1 ,    1909.   [43]  Jongbloeb,  J.,  and  Wiersma, 
C.A.,  Zschr.  vergl.  Physiol.  2^:519,  1934.    [44]  Ellinger,  T.,  Zschr.  physiol.  chem.  Biol.  2: 1 1  3,  1915.    [45]  Chadwick, 
L.  E.,  Biol.  Bull.  93:229,   1947.    [46]  Chadwick,  L.  E..  andGilmour,  D..  Physiol.  Zool.  U:  398.  1940.    [47]  Slowzoff.  B., 
Biochem.  Zschr.  19:497.  1909.    [48]  Davis.  R.  A.,  and  Fraenkel.  G..  J.  Exp.  Biol.  r7:402.  1940.   [49]  Regnault  and  Reiset. 
Ann.  dechim.  et  de  phys.  3:26,  1849.   [  50]  Battelli,  F.,  and  Stern,  L..  Biochem.  Zschr.  56:50.  1913.   [51]  Davis.  J.  G.,  and 
Slater,  W.K..  Biochem. J.,  Lond.  22:331,  1928.  [52]  Cook.  S.  F.,  and  Smith.  R.E.,  J.  CeUul.  Physiol.  19:21 1,  1942. 
[  53]  Cook.  S.  P.,  Biol.  BuU.  63:246,  1932. 
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148.    02  CONSUMPTION:     VERTEBRATES  OTHER  THAN  MAMMALS 

Like  our  other  tables  covering  oxygen  consumption,   this  one  should  be  used  with  utmost  caution  and  circumspection. 
The  figures  reflect  order  of  magnitude;  often  a  value  may  not  prove  accurate  for  a  particular  requirement.    The 
table,  however,  does  have  special  utility  as  an  annotated  bibliography.    Values  are  cubic  millimeters  oxygen  per 
gram  fresh  weight  per  hour  for  adult  animals. 


Animal 

■^S^P 

Reference 

(A) 

(B)                                      (C) 

(D) 

Ascidicea 


I 

Ascidia  mentula 

25 

4.8 

1 

Thaleacea 

2 

Salpa  max.  afrlcana 

25 

23.0 

1 

3 

S.  pinnata 

16 

8.0 

2 

4 

20 

12.0 

2 

5 

S.  tilesii 

16 

2.0 

2 

6 

20 

2.8 

2 

Cephalochordata 

7 

Amphioxus  sp 

25 

149 

1 

8 

A.  lanceolatus 

16 

35 

2 

9 

20 

45 

2 

Pisces 

10 

Anguilla  vulgaris  (eel) 

25 

128 

1 

11 

Arapairaa  gigas  (pirarucus) 

25 

9 

3 

12 

Astronotus  ocellatus  (cichlid) 

20 

1.3 

4 

13 

Cichla  temensis  (cichlid) 

20 

0.9 

4 

14 

Cobitis  fossilis 

20 

51 

5 

15 

Crenichthys  baileyi 

21 

284 

6 

16 

37 

546 

6 

17 

Cyprinus  carassius  (goldfish) 

20 

113 

7 

18 

Resting 

20 

85 

8 

19 

Active 

20 

160 

8 

20 

C.  carpio 

19.5 

100 

9 

21 

C.  tinea 

20 

104 

10 

22 

Esox  lucius  (pike) 

18 

102 

10 

23 

Heliasis  chromis 

16 

93 

2 

24 

20 

162 

2 

25 

Lepidosiren  paradoxa  (lungfish) 
Protopterus  aethiopicus  (African  lungfish) 

20 

42 

3 

2b 

Fasting 

20 

10 

11 

27 

Feeding 

20 

52 

11 

28 

Salmo  trutta  (trout) 

15 

226 

10 

29 

Sargus  rondeletti 

25 

375 

1 

30 

Scomber  scombrus  (mackerel) 

20 

726 

12 

31 

Serranus  scriba 

16 

116 

2 

32 

20 

151 

2 

33 

Sparus  auratus 

19 

175 

13 

34 

Spheroides  maculatus  (puffer) 

20 

62 

14 

35 

Stenotomus  chrysops  (scup) 

20 

174 

12 

36 

Tautog  onitis  (tautog) 

20 

62 

12 

37 

Tautogolabus  adspersus  (cunner) 

21 

120 

15 

38 

26 

192 

15 

Amphibia 


39 

Molge  sp 

20 

110 

16 

40 

M.  vulgaris  (newt) 

20 

123 

17 

41 

Rana  esculenta 

20 

70 

17 

42 

Winter 

20 

85 

18 

43 

Summer 

20 

437 

18 

44 

R.  fusca,   winter 

20 

100 

19 

45 

Summer 

20 

210 

19 

46 

R.  mugiens 

25.3 

106 

20 

47 

R.  temporaria 

16 

86 

17 

48 

20 

89 

17 

49 

Winter 

19 

85 

18 

50 

Summer 

19 

554 

18 

51 

Typhlonectes  compressicauda  (coecilid) 

20 

33 

21 

281 


148.     Oi  CONSUMPTION:     VERTEBRATES  OTHER  THAN  MAMMALS  (Continued) 
Values  are  cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals. 


Animal 

Temp 
°C 

Rate 

Reference 

(A) 

(B) 

(C) 

(D) 

Re 

ptilia 

Chelonia 

52 

Malaclemys  centrata  (diamondback  terrapin) 

24 

35 

22 

53 

Testudo  vicina  (Galapogos  tortoise) 

17.2 

8.9 

23 

54 

Crocodilia 

22 

22 

23 

55 

Alligator  lucius 

25 

64 

20 

56 

A.  mississippiensis 

19.5 

7.5 

23 

57 

Squamata 

22 

8.9 

23 

58 

Anguis  fragilis 

20 

40 

17 

59 

Coluber  natrix 

20 

92 

16 

60 

20 

150 

24 

61 

Constrictor  constrictor 

16 

4.9 

23 

62 

22 

10.0 

23 

63 

30 

24.0 

23 

64 

Crotalus  atrox 

16 

6.8 

23 

65 

22 

16.4 

6 

66 

30 

35.5 

6 

67 

Drymarchon  corais  couperi  (gopher) 

16 

10.1 

23 

68 

22 

20.0 

23 

69 

30 

47.0 

23 

70 

Iguana  tuberculata 

22 

22.2 

23 

71 

30 

52.0 

23 

72 

Lacerta  agilis 

20 

1980 

25 

73 

L.  viridis 

25 

170 

20 

74 

Python  molurus 

16 

6.2 

23 

75 

P.  reticulatum 

22 

12.2 

23 

76 

P.  sebae 

30 

26.7 

23 

77 

Storeria  dekayi.  d" 

20 

266 

26 

78 

9 

20 

183 

26 

Aves 

79 

Canary 

2900 

27 

80 

Chicken,   S 

630 

28 

81 

Chicken.   Rhode  Island  Red,   day 

497 

29 

82 

Night 

497 

29 

8  3     Dove 

950 

30 

84 

Duck 

800 

31 

85 

Goose 

547 

32 

86 

592 

28 

87 

Hummingbird,   at  noon 

17,000 

33 

88 

At  midnight 

1000 

33 

89 

Hummingbird  (Calypte  anna) 

24 

12,300 

34 

90 

Hummingbird  (Selasphorus  sasin) 

22 

13,900 

34 

91 

Pigeon 

710 

30 

92 

Sparrow 
Arctic 

2100 

27 

93 

Bunting,   snow  (Plectrophenox  nivalis) 

3350 

35 

94 

Gull,   arctic  (Larus  hyperboreus) 

1640 

35 

95}       Jay,   Canada  (Perisoreus  canadensis) 

2725 

35 

96  [       Raven,   arctic 

940 

35 

Tropical 

97  1       Hawk,   night  (Nyctidromas  albicollis) 

1750 

35 

98  1       Manakin  (Pipra  mentalis) 

4620 

35 

Wild 

99        Aluda  arvenis 

10 

3512 

36 

100        Anthus  pratensis 

10 

3614 

36 

101         Carduelis  carduelis 

10 

5336 

36 

102:       C.  cannabina 

10 

4508 

36 

103|       Chloris  chloris 

10 

4671 

36 

282 


148.    02  CONSUMPTION:    VERTEBRATES  OTHER  THAN  MAMMALS  (Concluded) 
Values  are  cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals. 


Animal 


(A) 


Temp 


(B) 


Contributor:    Flemister,   L.  J. 


Rate 


(C) 


Reference 


(D) 


Aves  (concluded) 

Wild  (concluded) 

104 

Corturnix  corturnix 

10 

2080 

36 

105 

Emberiza  calandra 

10 

322E 

36 

106 

E.  citrinella 

10 

4551 

36 

107 

Fringilla  coelebs 

10 

3621 

36 

108 

Guardelis  linaria 

10 

5566 

36 

109 

Lullula  arborea 

10 

3672 

36 

110 

Passer  montana 

10 

4427 

36 

References: 
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149.     O2  CONSUMPTION:     MAMMALS 

Like  our  other  tables  covering  oxygen  consumption,   this  one  should  be  used  with  utmost  caution  and  circumspection. 
The  figures  reflect  order  of  magnitude;  often  a  value  may  not  prove  accurate  for  a  particular  requirement.    The 
table,   however,   does  have  special  utility  as  an  annotated  bibliography.    Values  are  cubic  millimeters  oxygen  per 
gram  fresh  weight  per  hour  for  adult  animals,    unless  otherwise  indicated. 


Animal 

Rate 

Remarks         1      Reference 

(A) 

(B) 

(C)              1             (D) 

Monotremata 

1 
2 

Anteater,  spiny  (Echidna  sp) 

Platypus,   duckbilled  (Ornithorynchus  sp) 

1100 
460 

1 
1 

Marsupiala 

3 
4 
5 

Cat,    Australian  native  (Dasyurus  sp) 

Kangaroo,   rat  (Bettongia  sp) 

Opossum,   Australian  (Trichosaurus  sp) 

560 
950 
700 

1 
1 

1 

283 


149.    O^  CONSUMPTION:    MAMMALS  (Continued) 
Values  are  cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals. 


Animal 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

Insectivora 


6 

Shrew,   long-tailed  (Sorex  c.  cinereus) 

13,700 

2 

7 

Shrew,    Monterey  (S.  trowbideii  montereyensis) 

7200 

2 

8 

Shrew,    short-tailed  (Blarina  brevicauda  kirtlandi) 

5200 

3 

9 

Shrew,    Sonoma  (Sorex  pacificus  sonoraae),    <^ 

6100 

2 

10 

S 

5500 

2 

11 

Shrew,   wandering  (S.  v.  vagrans) 

8600 

2 

Chiroptera 

12 

Bat,   big  brown  (Eptesicus  f.  fuscus) 

800 

3 

13 

Bat,    little  brown  (Myotis  1.  lucifugus) 

1500 

3 

Edentata 

14 

Armadillo 

201 

4 

15 

Sloth,   three-toed  (Choloepus  sp) 

216 

5 

16 

Sloth,   two- toed  (Bradypus  sp) 

168 

5 

Sirenia 

17 

Manatee  (Trichechus  latirostris) 

120 

6 

Odontoceti 

18 

Porpoise  (Tursiops  truncatus) 

360 

7 

Proboscidea 

19 

Elephant,    Indian,    9 

155              ^ 

37  yr. 

8 

Perissodactyla 

20 

Horse 

250 

9 

Artiodactyla 

21 
22 

Cattle,   9 

184 
390 

10 
9.11 

23 

Pig 

220 

11 

24 
25 

Sheep 

220 
340 

10 
9.11 

Rodentia 

26 

Dormouse  (Myoxus  arbor) 

15 

Hibernating. 

12 

27 

852 

Awake. 

12 

28 

Guinea  pig 

816 

10 

29 

Hamster  (Cricetus  auratus) 

1050 

12 

30 

Hamster,   golden 

70 

Hibernating. 

13 

31 

2900 

Awake. 

13 

32 

Lemming  (Dicrostonyx  groenlandicus  rubicatus) 

1700 

14 

33 

Mouse  (Mus  sp) 

2500 

Resting. 

9 

34 

20,000 

Running. 

9 

35 

Mouse,    California  harvest  (Reithrodontomys  megalotus  longi- 

caudus) 

3800 

Resting. 

2 

36 

Mouse,   deer 

1650 

Basal. 

15 

37 

Mouse,   deer  (Perorayscus  maniculatus) 

3600 

Resting. 

3 

38 

Mouse,    Capper's  redback  (Clethrionorays  g.  gapperi) 

3600 

Resting. 

3 

39 

Mouse,   house 

1530 

Basal. 

15 

40 

Mouse,    house  (Mus  musculus) 

3500 

Resting. 

3 

41 

Mouse,   jumping  (Zapus  hudsonius  araericanus) 

4200 

Resting. 

3 

42 

Mouse,   kangaroo  (Microdipodos  megacephalus  nastutus),    d" 

3700 

2 

43 

? 

3400 

2 

44 

Mouse,    meadow  (Microtus  p.  pennsylvanicus) 

3300 

Resting. 

3 

45 

Mouse,   northern  whitefoot  (Peromyscus  maniculatus  gracilis) 

3000 

Resting. 

3 

46 

Mouse,    pine  (Pitymys  pinetorura  scalopsoides) 

4300 

Resting. 

3 

47 

Mouse,    Rhoad's  redbacked  (Clethrionomys  gapperi  rhoadi) 

3800 

Resting. 

3 

48 

Mouse,    white 

1600 

Basal. 

15 

49 

Mouse,    white  (Mus  musculus) 

3600 

Resting. 

3 

50 

Mouse,    woodland  jumping  (Napaeozapus  i.  insignis) 

3100 

3 

51 

Rabbit 

640 

9 

52 

850 

9 

53 

Rat  (Rattus  sp) 

2000 

1 

54 

a 

692 

6-9  mo. 

16 

55 

Rat,   white  (Rattus  rattus) 

770 

17 

56 

Rat.   jungle  (Proechimys  semispinosus) 

1270 

14 

57 

Squirrel,  arctic  ground  (Citellus  parryii) 

600 

14 

58 

Squirrel,   flying  (Glaucomys  v.  volens) 

2000 

3 

59 

Woodchuck  (Marmota  sp) 

14 

Hibernating. 

18 

60 

262 

Awake. 

18 

284 


149.    Oz  CONSUMPTION:    MAMMALS  (Concluded) 
Values  are  cubic  millimeters  oxygen  per  gram  fresh  weight  per  hour  for  adult  animals,  unless  otherwise  indicated. 


Animal 

Rate 

Remarks 

Reference 

(A) 

(B) 

(C) 

(D) 

Carnivora 


61 

Bear,   polar  (Thalarctos  raaritimus) 

700 

Cubs. 

14 

62 

Cat  (Felis  catus) 

710 

9 

63 

Coati  (Nasua  navica) 

500 

14 

64 

Dog  (Canis  farailiaris) 

580 

9 

65 

250 

Young. 

19 

66 

Dog.   Eskimo  (Canis  farailiaris) 

785 

Pups. 

14 

67 

Fox,   arctic  white  (Alopex  lagopus) 

505 

14 

68 

Raccoon  (Procyon  carnivorous) 

395 

14 

69 

Seal  (Phoco  vitulina) 

540 

20 

70 

Seal  (Phocaena  communis) 

300 

21 

71 

Weasel  (Mustela  rixosa) 

5000 

14 

Primates 

72 

Man  (Homo  sapiens) 

220 

Resting. 

10 

73 

4000 

Maximal  work. 

22 

74 

Marmoset  (Leontocebus  geoffroyi) 

1040 

14 

75 

Monkey,   night  (Aotus  trivirgatus) 

510 

14 

Contributor:    Flemister,    L.  J. 

References:    [1]    Martin,   C.  J.,   Trans.  Roy.  Soc,   Lond.,    B  195:1.    1903.    [Z]    Pearson,   O.  P.,   Science  108:44,  1948. 
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[5]    Irving,   L..   et  al.   ibid  20:189.    1942.    [6]    Scholander,    P.  F..   and  Irving,    L.,    ibid  W^"'''.    1941.    [7]    Irving.    L.. 
et  al.   ibid  r7:145,    1941.    [8]    Benedict,   F.  G.,   "The  Physiology  of  the  Elephant,"  Carnegie  Institution  of  Washington. 
1936.    [9]    Heilbrunn,    L.  V.,   "An  Outline  of  General  Physiology,"  3rd  ed.,    Philadelphia:     W.  B.  Saunders  Co.,    1952. 
[10]    Brody,   S.,   "Bioenergetics  and  Growth,"  New  York:    Reinhold  Publishing  Corp. ,    1945.    (ll)Voit,    E..   Zschr. 
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[16]    Moses,    S..   Proc.  Soc.  Exp.  Biol.  64:54,    1947.    [,n\    Herrington,    L.  P..   "Heat  Production  and  Thermal  Con- 
ductance in  Small  Animals,"  New  York,    1941.    [  18]    Benedict,   F.  G.,   and  Lee.    R.  C   "Hibernation  and  Marmot 
Physiology,"  Carnegie  Institution  of  Washington,    1938.    [  19]    Krogh.   A.,   Internal.  Zschr.  physik.  chem.  Biol.  1^:491. 
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150.    RESPIRATORY  EXCHANGE  CHARACTERISTICS:    VERTEBRATES 
Values  in  parentheses  are  estimate  "c"  of  the  95%  range  (of  Introduction). 


Inspired  Air' 

Expired  Air' 

Respiratory  Exchange' 

R.Q. 
CO2/O2 

Animal 

vol  % 

VOl% 

vol% 

Reference 

O2 

CO2 

02 

CO2 

O2 

CO2 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

Man 

20.95 

0.03 

16.30 

4.50 

14.00 

5.60 

0.850 

I 

2 

Dog  (Canis  farailiaris) 

16.30 

3.46 

13.66 

5.68 

0.780 

2 

3 

Horse  (Equus  caballus) 

0.960 

3 

4 

Rat,   albino  (Rattus 
norvegicus) 

0.894 
(0.754-1.072) 

4 

5 

Guilleraot  (Cepplus  grylle) 

15.05 

4.83 

5 

6 

Chicken  (Gallus 
doraesticus) 

13.50 

6.50 

0.764 
(0.71-0.96)2 

6 

7 

Turtle  (Malaclemys 
centrata)3 

16.46 

4.69 

0.714 

7.8 

8 

Frog  (Rana  esculenta)5 

1.926 

9 

9 

0.327 

9 

10 

Puffer  fish  (Spheroides 
raaculatus)5 

0.318 

0.1498 

0.318 

10 

III  Dry  air.    /2/  Average  is  for  5  days,   including  day  of  last  feeding;  range  is  for  1-5  hours.   4  days  after  feeding. 
/3/  280C.     /4/  Calculated  in  part  from  data  for  painted  turtle  (Chrysemys  marginata).     /5/  20°C.     /6/  Cutaneous 
respiration.     /7/  Pulmonary  respiration.     /8/  Sea  water. 
Contributor:     McCutcheon.    F.  H. 
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[2]    Roraijn,   C.   Arch,  n^erl.  physiol.  27:347.    1943.    [3]    Heilbrunn.    L.  V.,   "An  Outline  of  General  Physiology.  " 
Philadelphia:    W.  B.  Saunders  Co.,    1952.    [4]    Krantz,    N.  C.   and  Carr,    C.  J.,   J.  Nutrit.  9:363,    1935     [5]    Krogh, 
A..   "The  Comparative  Physiology  of  Respiratory  iMechanisras."  Philadelphia:    Univ.  of  Pennsylvania  Press,    1941. 
[6]    Dukes,   H.  H..   "Physiology  of  Doraestic  Animals,"  New  York:    Comstock,    1947.    [7]    Hall,    F.  G.,  J.  Metab.  Res. 
6:293.    1924.    [8]    McCutcheon,    F.  H.,    Physiol.  Zool.  16:255,    1943.    [9]    Krogh,   A..    Skand.  Arch.  Physiol..    Berl. 
15:328.    1904.    [10]    Hall.    F.  G.,    Biol.  Bull.  61:457,    1931. 
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151.    O^  CONSUMPTION:    ANIMAL  TISSUES 

Values  for  oxidation  quotient  (Qo^)  are  expressed  in  cu  mm  oxygen  consumed  per  rag  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated.    Fresh  tissue  was  immersed  in  a  buffered  medium  (phosphate  or  bicarbonate) in  a  closed 
chamber  containing  oxygen  at  1  atmosphere  pressure  and  maintained  at  370C  (some  determinations  at  37.5°  and 
38°C).    The  decrease  in  amount  of  gaseous  O^  was  measured  as  it  was  used  by  the  tissue.    As  the  rate  of  oxidation 
is  limited  by  the  amount  of  oxidizable  nutrient  available  to  the  tissue,   glucose  or  other  nutrient  was  added,   when 
necessary,  to  the  medium. 

Part  I:    BLOOD-FORMED  ELEMENTS,    BLOOD  VESSELS,    LYMPH  NODES,    MARROW,    SPLEEN,    THYMUS 


Tissue 

Animal 

Medium 

^2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Aorta 

Man 

Krebs  phosphate 

0.26 

1 

2 

Krebs  phosphate,   glucose 

0.10 

2 

3 

Rat 

Krebs- Ringer,   glucose 

1.03 

3 

4 

Erythrocytes' 

Man 

Ringer  glucose 

0.045 

4 

5 

Horse 

Ringer  glucose 

0.06 

5 

6 

Rabbit 

Saline 

0.008 

6 

7 

Serum 

0.10 

7 

8 

Rat 

Ringer  glucose 

0.038 

8 

9 

Chicken  embryo,    3  da 
4  da 
6  da 

8  da 

9  da 

Ringer  phosphate,   glucose 

0.47^ 

9 

10 

0.262 

9 

11 

0.142 

9 

IZ 

0.0562 

9 

13 

0.0442 

9 

14 

Chicken 

Saline;  Ringer  glucose 

0.14 

4,  10.  11 

15 

Serum 

0.30 

12 

16 

Krebs- Ringer  phosphate 

0.17 

13 

17 

Serum 

0.58-1.79 

14 

18 

Turtle 

Saline 

0.05 

4,  10 

19 

Leucocytes 

Man 

Heparinized  plasma 

6.9 

15 

20 

Serum,   glucose 

0.0923 

6 

21 

Serum 

2.6 

16 

22 

Rabbit,   exudate 

Citrated  Ringer's  solution 

4.0-4.6 

17,18 

23 

Serum 

7.0 

18 

24 

Rat 

Serum 

9.0-9.2 

19,20 

25 

Goose 

Citrated  plasma  glucose 

4.4 

17 

26 
27 
28 

Marrow,  bone 

Erythroid  cells 
Myeloid  cells 

Rabbit 

Ringer-bicarbonate-glucose,   pH  6.4 
pH  7.2 
pH  7.6 

2.84 
3.74 
2.64 

21 
21 
21 

29 
30 

Serum 

9(approx.) 
6  (approx.) 

22 
22 

31 

All  cells 
Nucleated  cells 

Rat 

Neutralized  serum 

7.4^ 

23 

32 
33 

Normal  serum 

42.05 
71.55 

24 
24 

34 

Node,  lymph 

Man 

Ringer  glucose 

3.8-5.9 

25-27 

35 

Rat 

Ringer  glucose 

Krebs- Ringer  phosphate 

4.4 

28 

36 

0.876 

29 

37 

Reticulocytes 

Rabbit 

Ringer  glucose 

0.25 

4,10 

38 

Serum 

1.75 

12 

39 

Spleen 

Guinea  pig 

Saline 

8.3 

30 

40 

Rat 

Ringer  glucose 

7.2-12.9 

8,31-34 

41 

Serum 

12.5 

20 

42 

Krebs- Ringer  phosphate 

1.420 

29 

43 

Thrombocytes 

Man 

Citrated  plasma  glucose 

6.2-8.4 

15,19,35 

44 

Dog 

5.1 

35 

45 

Rat 

Serum 

6.0 

20 

46 

Thymus 

Rat 

100  g 
400  g 

Ringer  glucose 

5.5-5.8 

26,28 

47 

Krebs- Ringer  phosphate 

1.09*' 

29 

48 
49 

Ca-free  Krebs- Ringer  phosphate,  glucose 

0.76'' 
0.406 

36 
36 

50 

Tonsil 

Man 

Ringer  glucose 

5.1 

27 

III  Additional  information  on  erythrocyte  oxygen  consumption  on  Page  103,   Table  85.    /2/  cu  mm  oxygen  per 
million  cells  per  hr.     /3/  Micromoles  oxygen  per  10  million  white  blood  cells  per  hr.     /4/  cu  mm  oxygen  per  mg 
cell  protein  per  hr.     /5/  cu  mm  oxygen  per  mg  nitrogen  per  hr.     /6/  cu  mm  oxygen  per  mg  wet  weight  per  hr. 
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151.    02  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 


Part  1:  BLOOD- FORMED  ELEMENTS,  BLOOD  VESSELS,  LYMPH  NODES,  MARROW,  SPLEEN,  THYMUS  (Concluded) 


Contributors:    (a)  Vernberg, 
and  Scholefield,    P.  G. 
References:    [l]    Kirk,   J.  E. 
Laursen,   T.  J.,   and  Schaus 
Pharm.  Exp.  Ther.  102:258, 


F.  J.,   (b)  Fitzgerald,   L.  R.,    (c)  Barker,   S.  B..   (d)  Jandorf,    B.  J.,    (e)  Quastel,   J.  H., 


Efferspe,    P.  G.,   and  Chianz,   S.  R.,  J.  Geront.  9:10,    1954.    [2]    Kirk,   J.  E., 
R..    ibid  10:178,    1955.    [3]    Krantz,    J.  C,   Jr.,    Carr,    C.  J.,   and  Knapp.    M.  J.,    J. 
1951.    [4]~Ramsay,   R.,   and  Warren.    C.  O.,   Jr.,   Quart.  J.  Exp.  Physiol.,    Lond.  20:213, 
1930.    [5]    Kawashima^   Y.,  J.  Biochem.,    Tokyo  4:411,    1925.    [6]    McKinney,   G.  R.,   et  al,   J.  Appl.  Physiol.  5:33  5, 
1953.    [7]    Negelein,    E.,    Biochem.  Zschr.  158:121,    1925.    [8]    Barker,   S.  B.,   and  Klitgaard,   H.  M.,   Am.  J.  Physiol. 
170:81,    1952.    [9]    O'Connor,    R.  J.,    Brit.  J.   Exp.  Path.   32:336,    1951.     [  10]     Ramsay,    R. ,    and  Warren,    C.  O.,    Jr., 
Quart.  J.  Exp.  Physiol.,    Lond.  22:49,    1932.     [ll]     Engelhardt,    W.  A.,    Biochem.  Zschr.  251^:343,    1932.    [12]    Wright, 
G.  P.,    J.  Gen.  Physiol.  ^4:179,    1930.    [  13]     Rubinstein,    D. ,   and  Denstedt,    E.  F.,   J.  Biol.  Chera.  204:623,    1953. 
[14]    Schlayer,    C,    Biochem.  Zschr.  293:94,    1937.    [15]    Glover,   E.  C,    Daland,   G.  A.,   and  Schmitz,   H.  L.,   Arch. 
Int.  M.  46:46,    1930.    [I6]     Bird,    R.  M.,    Clements,   J.  A.,    and  Barker,    L.  M.,    Cancer  4: 1009,    1951. 
[17]    Fleischmann,   W.,   and  Kubowitz,    F.,    Biochem.  Zschr.  1^:395,    1927.    [18]    MacLeod,   J.,   and  Rhoads.   C.  P., 
Proc.  Soc.  Exp.  Biol.  41^:268,    1939.    [19]    Fujita,   A.,   Klin.  Wschr.  7:897,    1928.    [20]    Fujita,   A.,   Biochem.  Zschr. 
197:175,    1928.    [2l]     Bird,    R.  M.,    and  Evans,    J.  D.,    J.  Biol.  Chem.  178:289,    1949.    [22]    Warren,    C.  O.,   Jr.,   Am. 
J.  Physiol.   Ui;  17  6,    1940.    [23]     Berwin,    1.,    and  Gordon,    A.  S. ,    ibid  173:184,    1953.     [24]     Landau,    D. ,   and  Gordon, 
A.  S.,    Endocrinology  51^:157,    1952.    [25]    Rosenthal,    O. ,   and  Lasnitzki,   A.,    Biochem.  Zschr.  1^:340,    1928. 
[26]    Warburg,   O. ,    Posener,   K.,   and  Negelein,    E.,    ibid  152:309,    1924.    [27]    Wohlgemuth,   J.,  and  Klopstock,    E., 
ibid  17^:202,    1926.    [28]    Barker,   S.  B.,   and  Schwartz,   H.  S.,   unpublished.    [29]    Barker,    S.  B.,   and  Schwartz, 
H.  S.,   Proc.  Soc.  Exp.  Biol.  83:500,    1953.    [30]    Edson,   N.  L..   and  Leloir,   L.  F..   Biochem.  J.,   Lond.  30:2319. 
1936.    [31]    Dickens.   F.,   and  Greville,   G.  D.,   ibid  27:832.    1933.    [32]    Dickens.    F..   and  Simer.    F..   ibid  24:1301, 
1920.    [33]    Murphy,   J.  B.,   and  Hawkins,   J.  A.,   J.  Gen.  Physiol.  8:115,    1925.    [34]    Weil-Malherbe,   H.,    Biochem. 
Zschr.  r75: 202,    1926.    [35]    Endres,   G.,   and  Kubowitz,    F.,   ibid  191:395,    1927.    [36]    Birmingham,   M.  K..   and 
Desbarats,    M.,   Canad.  J.  M.  Sc.  30:494,    1952. 


Part  II:    EPITHELIUM  AND  ASSOCIATED  TISSUES 


Tissue 

Animal 

Medium 

«o. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Adipose,   brown  fat 

Retroperitoneal  fat  body 
White  fat 

Rat 

Ringer  phosphate 

O.419I 

1 

2 

7.92 

2 

3 

O.O49I 

1 

4 

Cartilage,   costal 

Rabbit 

Krebs- Ringer  phosphate 

0.41 

3 

5 

Connective  tissue  cells,   heart 

Rat 

Krebs  phosphate 

0.85^ 

4 

6 

Cornea 

Epithelium 
Stroma 

Rabbit 

No  suspending  medium 

0.864 

5 

7 

6.25 

5 

8 

0.231 

5 

9 

Dermis 

Rabbit 

Krebs  phosphate 

0.27 

6 

10 

Intestine,   duodenum 

Hamster 

Phosphate  saline 

22.7 

7 

11 

Rat 

23.0 

7 

12 

Krebs- Ringer  phosphate,   glucose 

3.6 

8 

13 

Upper  jejunum 

Phosphate  saline 

21.5 

7 

14 

Hamster 

14.3 

7 

15 

Lower  ileum 

Rat 

13.5 

7 

16 

Hamster 

10.0 

7 

17 

Mucosa,   gastric 

Man 

Ringer  glucose 

9.6 

9 

18 

Rat 

7.2 

10 

19 

Colon 

Rabbit 

Ringer  glucose;  serum 

11.1 

9 

20 

Rat 

Ringer  glucose 

3.4-14.6 

9.11 

21 

Intestine 

Duodenum 

Jejunum 

Ileum 

Uterus 

9.4-23.3 

12,13 

22 

8.8 

11 

23 

15.6 

II 

24 

5.3 

U 

25 

Rabbit 

Serum 

6.1 

14 

26 

Skin 
Fetus 

Man 

Ringer  glucose 

2.1(0.5-2.8) 

15 

27 

Ringer  phosphate 

1.8 

16 

28 

Guinea  pig 

Ringer  glucose 

3.0 

17 

/I/  cu  mm  oxygen  consumed  per  mg  wet  weight  per  hr.    /2/  Micromoles  oxygen  consumed  per  g  wet  weight  per  hr. 
/3/  Micromoles  oxygen  consumed  1  million  cells  per  hr. 
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151.    O^  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  ram  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  II:    EPITHELIUM  AND  ASSOCIATED  TISSUES  (Concluded) 


Tissue 

Animal 

Medium 

QO2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

29 

Skin  (concluded) 
Newborn 

Mouse 

Ringer  glucose 

6.1 

18 

30 

Rat 

3.5 

18 

31 

10-36  da 
79  da 
Ear 

4.9-3.6 

19 

32 

1.8-2.0 

19.20 

33 

Guinea  pig 

Serum,   Krebs-Ringer  phosphate, 
glucose,  streptomycin 

1.05 

21 

34 

Epidermis 
Ear 

Man 

Ringer  glucose 

0.52-2.11 

22 

35 

Guinea  pig 

Serum,   Krebs-Ringer  phosphate, 
glucose,   streptomycin 

5.29 

23 

3b 

Rat 

3.69 

23 

37 

Mouse 

2.95 

23 

38 

Dermis,  ear 

1.40 

23 

39 

Rat 

0.90 

23 

40 

Guinea  pig 

2.21 

23 

41 

Frog 

Ringer  phosphate  (24.80C) 

0.96 

24 

42 

Synovial  membrane 

Man 

Krebs-Ringer  phosphate 

4.24 

25 

/4/  cu  mm  oxygen  consumed  per  rag  nitrogen  per  hour. 

Contributors:    (a)  Vernberg.   F.  J.,   (b)  Fitzgerald.   L.  R.,   (c)  Barker,   S.  B..    (d)  Jandorf,   B.  J.,   (e)  Quastel.   J.  H., 
and  Scholefield,    P.  G. 

References:    [1]    Breibart,   S.,   and  Engel,   F.  L.,    Endocrinology  55:70.    1954.    [2]    Haugaard,    N.,   and  Marsh,   J.  B. 
J.  Biol.  Chem.   194:33,    1952.    [3]     Laskin,    D.  M.,   and  Sarnat.    B.  G.,    Surg.  Gyn.  Obst.  96:493.    1953.     [4]    Harris, 
H.,   Brit.  J.  Exp.  Path.  37:512,    1956.    [5]    Langham,    M.,   J.  Physiol.  117:461.    1952.    [  67  Scarpelli,   D.  G..   Knouff, 
R.  A.,   and  Angere,    C.  A.,    Proc.  Soc.  Exp.  Biol.  84:94,    1953.    [7]    Wilson,   T.  H.,   and  Wiseman,   G.,   J.  Physiol., 
Lond.  123:126,    1954.    [8]     Rose,    R.  L.,    and  Archdeacon,   J.  W.,    Trans.  Kentucky  Acad.  So.   14:17,    1953. 
[9]    Rosenthal,    O..   and  Lasnitzki,   A.,    Biochera.  Zschr.  196:340,    1928.    [  10]    Barker,   S.  B.,   and  Klitgaard,   H.  M., 
Am.  J.  Physiol.  170:81,    1952.    [u]    Dickens,   F.,   and  Weil- Malherbe.   H.,    Biochera.  J.,    Lond.  35:7,    1941. 
[12]    Warburg,   O.,    Posener,   K.,   and  Negelein,   E.,   Biochera.  Zschr.   152:309,    1924.    [13]    Weil- Malherbe,   H., 
Biochera.  J.,    Lond.  32:2257,    1938.    (  14]    Bell,   W.  B.,    Brooks,   J.,   and  Jowett.    M. ,   J.  Cancer  Res.  12:369,    1928. 
[15]    Fitzgerald.    L.  R.,    Physiol.  Rev.  37:325,    1957.    [16]    Barron,    E.  S.,    Meyer.   J.,   and  Miller.   Z.  B.,   J.  Invest. 
Derra.  U^:97,    1948.    [  17]  Wohlgerauth,   J.,   and  Klopstock,   E.,   Biochera.  Zschr.  W^:202,    1926.    [18]    Loebell,  R.  O. 
ibid  161^:219,    1925.    [19]    Adaras,    P.  D.,   Arch.  Derra.  Syph.,    Chic.  36:606.    1937.    [20]    Adaras,    P.  D.,   J.  Biol. 
Chem.  m:641,    1936.    [2l]    Cruickshank,   C.  N.,    Exp.  Cell.  Res.  7:374,    1954.    [22]    Ohara,   K.,   J.  Jap.  Physiol. 
Soc.  2:1,    1951.    [23]    Cruickshank,   C.  N.,  and  Cooper,   J.  R.,   Exp.  CeU.  Res.  9:363.    1955.    [24]    Barch,    S.  H., 
Physiol.  Zool.  26:223.    1953.    [25]    Thomas.   D.  P.,   and  Dingle,   J.  T.,    Brit.  J.  Exp.  Path.  36:195,    1955. 

Part  Ul:    GLAND  TISSUES 


Tissue 

Animal 

Medium 

«02 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Adrenal,   cortex 
Medulla 

Cattle,  beef 

Potassium  phosphate,  KCI, 
adenylic  acid 

MgCl2 

1.1 

2 

0.6 

3 

Guinea  pig; 

Serum 

6.0 

4 

Potassium  phosphate.  KCI. 
adenylic  acid,   citrate 

MgClz 

0.8 

5 

Cortex 

6.0 

6 

Mouse 

Serum 

6.0 

7 

Rat 

10.0 

8 

Potassium  phosphate,  KCI, 
potassium  adenylate 

MgCl2, 

1.1 

9 

Kidney 

Guinea  pig,   8  wk 
50-52  wk 
100  wk 

Krebs-Ringer  phosphate,   g 
homogenates 

ucose 

4.06 

10 

1.42 

11 

1.15 

12 

Rat 

Krebs-  Ringer  phosphate 

3.721 

5 

13 

Ringer  phosphate 

16.3 

6 

/I  /  cu  mm  oxygen  consumed  per  mg  wet  weight  tissue  per  hr. 
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151.    02  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  lU:    GLAND  TISSUES  (Concluded) 


Tissue 

Animal 

Medium 

QO2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

14 

Kidney  (concl'd) 
Cortex 

Rat  (concluded) 

Krebs-Ringer  phosphate,   glucose 

11.61 

7 

15 

Pancreas 

Cat 

Ringer  glucose 

6.0 

8 

16 

Dog                n 

3.2 

9 

17 

Guinea  pig 

Saline 

2.9 

10 

18 

Rabbit 

Ringer  glucose 

4.6 

9 

19 

Rat 

Saline 

3.7 

10 

20 

Ringer  glucose 

5.2 

11 

21 

Krebs-Ringer  phosphate 

I.04I 

5 

22 

Pigeon 

Saline 

8.7 

10 

23 

Pituitary 

Anterior  lobe 

Mouse 

Serum 

8.0 

2 

24 

Rat,  young 

12.0 

2 

25 

Rat 

Ringer  glucose 

5.9 

12 

26 

Krebs-Ringer  phosphate 

5.43 

13 

27 

Posterior  lobe 

Ringer  glucose 

6.6 

12 

28 

Krebs-Ringer  phosphate 

5.42 

13 

29 

Salivary  gland 

Man 

Ringer  glucose 

6.2 

14 

30 

Guinea  pig 

Saline 

5.0 

10 

31 

Rat 

Ringer  glucose 

9.7-24.2 

11,14 

32 

Krebs-Ringer  phosphate 

2.3li 

5 

33 

Thyroid 

Bull 

Ringer  phosphate 

3.5 

15 

34 

Bullock 

3.1 

15 

35 

Calf 

2.8 

15 

36 

Ringer  glucose 

2.6 

16 

37 

Cow 

Ringer  phosphate 

3.8 

15 

38 

Dog 

Serum 

9.1 

17 

39 

Ringer  glucose 

2.0 

16 

40 

Hog 

2.1 

16 

41 

Rabbit 

Ringer  glucose,   serum 

11.7 

14 

42 

Rat 

Ringer  glucose 

12.5-13.0 

9 

/I/  cu  mm  oxygen  consumed  per  mg  wet  weight  tissue  per  hr. 

Contributors:    (a)  Vernberg,    F.  J.,    (b)  Fitzgerald,    L.  R.,   (c)  Barker,   S.  B.,   (d)  Quastel.  J.H.,  and  Scholefield,  P.  G. 
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Leloir,   L.  F..    Biochem.  J.,    Lond.  30:2319,    1936.    (ll)    Barker,   S.  B.,   and  Schwartz,   H.  S.,   unpublished. 
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44:9,    1953.    [14]    Rosenthal.   O.,   and  Lasnitzki,   A.,    Biochem.  Zschr.  j96: 340,    1928.    [15]    Weiss,    B.,   J.  Biol. 
Chem.  193:509,    1951.    [16]    Barker,   S.  B.,   unpublished.    [17]    Sturm,   A.,   Zschr.  ges.  exp.  Med.  74:555,    1930. 
[18]    Walthard,    B.,   ibid  79:451,    1931. 
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151.    O^  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  1*502)  ^""^  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  IV:    LIVER 


Animal 

Medium 

Qo, 

Reference 

(A) 

(B) 

(C) 

(D) 

1 

Cow 

Ringer  glucose 
Saline 

2.6 

1 

2 

Dob 

6.0 

2 

3 

Guinea  pig 

8  wk 

50-52  wk 
100  wk 
Fatty  liver 

8.1 

3 

4 

Ringer's  solution 

5.0 

4 

5 

Krebs- Ringer  phosphate 

1.14 

5 

6 

l.U 

5 

7 

0.97 

5 

8 

Ringer's  solution 

7.4 

4 

9 

Horse 

Ringer  glucose 

2.1 

1 

10 

Mouse 

Ringer's  solution 

18.7 

6 

U 

8.8-13.8 

7,8 

12 

Krebs-Ringer  phosphate 

5.44 

9 

13 

Rabbit 

Ringer  glucose 

4.2-7.7 

1,10 

14 

Rat 

Castrate 
Cold  adapted 
Cold  adapted 
Room  temperature 
Room  temperature 
Fetus 
3-21  da 
10  g 
300  g 

Ringer's  solution 

7.0-10.2 

11-13 

15 

Ringer  glucose 

6.5-11.6 

1,6,7,12-19 

16 

Krebs-Ringer  phosphate  glucose 

(370C) 
(420C) 

4.12 

20 

17 

7.99 

21 

18 

16.871 

22 

19 

23.801 

22 

20 

Krebs-Ringer  phosphate 

6.5 

23 

21 

5.2 

23 

22 

Locke's  solution 

19.25 

24 

23 

Locke's  sodium  glycerophosphate 

9.19 

25 

24 

7.87 

25 

25 

Locke's  solution 

11.32 

24 

26 

Serum,   Ringer  glucose 

7.1 

14 

27 

Ringer  glucose 

13.2 

26 

28 

Krebs-Ringer  phosphate 

11.0 

27 

29 

8.0 

27 

30 

Sheep 

Ringer  glucose 

2.5 

1 

31 

Chick,    embryo,    6  da 
12  da 
20  da 

Ringer  glucose 

7.5 

28 

32 

4.5 

28 

33 

1.5 

28 

34 

Hen 

Serum 

14.5 

29 

35 

Arctic  cod 

Ringer  phosphate  (250C) 

0.859^ 

30 

36 

Golden  Orfe 

0.7922 

30 

37 

Menhaden 

Phosphate  buffer  (30OC) 

11. 08^ 

31 

38 

Scup 

14.873 

31 

39 

Toadfish 

4.423 

31 

/I/  cu  mm  oxygen  consumed  per  100  mg  wet  weight  per  20  min. 
per  hr.     HI  cu  mm  oxygen  consumed  per  g  wet  weight  per  hr. 


/2/  cu  mm  oxygen  consumed  per  mg  wet  weight 


Contributors:    (a)  Vernberg,    F.  J.,    (b)  Fitzgerald,    L.  R.,   (c)  Barker,   S.  B.,   (d)  Kleiber,   M.,    (e)  Quastel,   J.  H., 
and  Scholefield,    P.  G. 

References:    [1]    Kleiber,    M.,    Proc.  Soc.  Exp.  Biol.  48:419.    1941.    [2]    Krebs,   H.  A.,   in  Oppenheimer's  "Handbuch 
der  Biochemie  des  Menschen  und  der  Tiere,"  Jena:  Fischer,    1933.    [  3]    Edson,    N.  L.,   and  Leloir,    L.  R.,    Biochem. 
J.,    Lond.  30:2319,    1936.    (4)    Meier,   R.,   and  Thoienes,    E.,    Arch.  Exp.  Path.,    Lpz.  1^69:655,    1933.    [5]    Rafsky, 
H.  A.,    Newman,    B.,   and  Horonick,   A.,   J.  Geront.  7:38,    1952.    [6]    Ogata,   Y.,   Jap.  J.  M.  Sc.  Ill  Biophysics  2:1 31 , 
1932.    [7]    Crabtree,   H.  G.,    Biochem.  J.,   Lond.  23:5^6,    1928.    [8]    Laser,    H..   ibid  21:1671,    1937.    [9]    Lipsett, 
M.  N.,   and  Moore,    F.  J.,   J.  Biochem.  ^92:743,    1951.    [  10]    Ebina,   T.,   Tohoku  J.  Exp.  M.   n:424,    1929. 
[11]    Dickens,   F.,   and  GrevlUe,   G.  D.,    Biochem.  J.,    Lond.  27:832,    1933.    [12]    Meyerhof,   O.,   and  Lohmann,   K., 
Biochem.  Zschr.   Wl: 381.   421,    1926.    [13]    Minaml,   S.,   ibid  142:334,    1923.    [14]    Rosenthal,   O.,   and  Lasnitzki, 
A.,   ibid  196:340,    1928.    [15]    Dickens,    F.,   and  Simer,   F.,    Biochem.  J.,   Lond.  24: 1 301 ,    1920.    [16]    Elliott,   K.  A.. 
Greig,    M.   E.,   and  Benoy,    M.  P.,   ibid  21:1003,    1937.    [17]    Grassheim,   K.,   Zschr.  Klin.  Med.  10_3:380,    1926. 
[18]     Meyerhof,  C,  Lohmann,   K.,  and  Meier,   R.,    Biochem.  Zschr.  157:459,    1925.    [19]    Warburg.    O.,    Posener, 
K.,   and  Negelein,    E.,   ibid  152:309,    1924.    [20]    Russell,    R.  L.,   and  Westfall,    B.  A.,   Am.  J.  Physiol.  176:468,  1954. 
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151.    O^  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (^O^)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  IV;    LIVER  (Concluded) 

[Zl]    Hoexter,   F.  M.,    Endocrinology  54;  1,    1954.    [22]    Jasper,   R.  L..   and  Archdeacon,   J.  W.,    Physiol.  Zool. 
24;163.    1951.    [23]    Eisenberg,    E.,   Gordan,   G.  S.,  and  Elliott,   H.  W.,    Endocrinology  45:1 13,    1949.    [24]    Clark, 
W.  T.,  Jr.,  Chinn.  H.  I.,  Ellis,  J.  P.,  Pawel.  N.  E.,  and  Griswold.  D.,  Am.  J.  Physiol.  177:207.    1954.    [25]    You, 
R.  W.,   and  Sellers,    E.  A.,    Endocrinology  49:374,    1951.    [26]    Hawkins,   J.  A.,    J.  Gen.  Physiol.  _n:645,    1928. 
[27]     Von  Bertalanffy,    L.,    and  Perozynski,    W.  J.,    Biol.  Bull.    j^:240.   1953.      [28]    Carroll,    M.  J.,    Arch.  Exp. 
Zellforsch.  22:592,    1939.    [29]    Tanyia,    C,    Biochem.  Zschr.   189:175,    1927.    [30]     Peiss,    C.  N.,    and  Field,   J., 
Biol.  Bull.  99:213,    1950.    [31]    Vernberg,    F.  J.,    ibid|06:360,    1954. 

Part  V:    LUNG 


Animal 

Medium 

Qoz 

Reference 

(A) 

(B) 

(C) 

(D) 

I 

Man,   embryo 

Ringer  glucose 

3.7 

1 

2 

Cat 

3.9 

2 

3 

Guinea  pig 

6.1 

2 

4 

Saline 

7.4 

3 

5 

Mouse 

Ringer  glucose 

7.3-8.0 

4 

6 

7.1 

5 

7 

Rabbit 

6.7 

2 

8 

Rat,   embryo 
10  g 
400  g 
Adult 

Serum 

10.0 

6 

9 

10 

Krebs- Ringer  phosphate 

9.0 
6.0 

7 
7 

11 

SaUne 

7.9 

3 

12 

Ringer  glucose 

4.4-7.8 

2,8 

13 

Pigeon 

Ringer  glucose 

3.6 

2 

Contributors:    (a)  Vernberg,   F.  J.,   (b)  Fitzgerald,   L.  R.,   (c)  Barker,   S.  B.,   (d)  Quastel,  J.  H.,  and  Scholefield,  P.  G. 

References:    [  l]  Krebs,   H.  A.,   in  Oppenheimer's  "Handbuch  der  Biochemie  des  Menschen  und  der  Tiere,"  Jena: 
Fischer,    1933.    [2]    Simon,   F.  P.,    Potts,   A.  M.,   and  Gerard,   R.  W.,   J.  Biol.  Chem.  ]^:303,    1947.    [3]    Edson, 
N.  L.,   and  Leloir,    L.  F.,    Biochem.  J.,    Lond.  30:2319,    1936.    [4]    Ogata,   Y.,   Jap.  J.  M.  Sc,    III  Biophysics  2:131, 
1932.    [5]     Moulder,   J.  W.,   and  Weiss,    E.,   J.  Infect.  Dis.  88:77,    1951.    [6]    Fujita,   A.,    Biochem.  Zschr.   197:175, 
1928.    [7]    Von  Bertalanffy,    L.,   and  Pirozynski,   W.  J.,    Biol.  Bull.  105:240,    1953.    [8]    Laser,   H.,    Biochem.  Zschr. 
248:9,    1932. 

Part  VI:    MUSCLE  TISSUES 


Tissue 

Animal 

Medium 

Q02 

Reference 

(A) 

(B) 

(C) 

(D) 

<E) 

1 

Cardiac 

Atrium 
Ventricle 
Conducting  tissue 

Man 

Krebs- Henseleit  saline 

2.5 

1 

Z 

Cat 

Ringer  glucose 

0.681 

Z 

3 

Ringer  phosphate 

1.30» 

3 

4 

Cattle,  beef 

Wollenberger 

1.461 

4 

5 

1.48' 

4 

6 

0.Z71 

4 

7 

Auricle 
Ventricle 

Dog 
Young 

Ringer  glucose 

O.94I 

2 

8 

4.2 

5 

9 

Rat 

10  g 
400  g 

3.8-10.4 

6.7 

10 

Ringer  phosphate 

Z.7 

8 

11 

Krebs- Ringer  phosphate 

12.0 

9 

12 

6.9 

9 

13 

Ringer  phosphate,  glucose 

8.8 

10 

14 

9.5 

10 

15 

Skeletal 

Levator  ani 

Man 

Modified  Holiinger  technique 

0.Z4'' 

11 

16 

Rat 

Ringer  glucose 

Z.3-3.1 

6,7 

17 

Krebs- Ringer  phosphate 

3.50 

IZ 

III  (il  oxygen  consumed  per  mg  wet  weight  per  hr.     12.1  ml  oxygen  consumed  per  100  ml  muscle  per  min. 
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151.    ©2  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  nam  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  VI:    MUSCLE  TISSUES  (Concluded) 


Tissue 

Animal 

Medium 

QO2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

18 

Skeletal,   (concluded) 

Papillary 
Diaphragm 

Fish,   scup 
Toadfish 
Menhaden 

Phosphate  buffer  (3C°C) 

0.413 

13 

19 

0.7273 

13 

20 

1.0243 

13 

21 

Frog,    resting 

Electrical  stimulation 

Ringer  glucose 

0.18-0.24 

14-18 

22 

Ringer's  solution 

0.79-4.24 

15,17 

23 

Pigeon 

SaUne 

2.1 

19 

24 

Cat 

Lock's  solution,   glucose 

3.60 

20 

25 

Dog,  young 

Ringer  glucose 

1.9 

5 

26 

Rabbit 

2.4 

5 

27 

Rat 

10  g 
300  g 

Saline,   Ringer's  solution 

4.1-5.9 

6,14,  19,21, 

22 

28 

Serum 

5.9 

22 

29 

Ringer  phosphate 

3.4 

8 

30 

Ringer-Locke 

0.97^ 

23 

31 

Krebs- Ringer  phosphate 

6.7 

24 

32 

O.95I 

25 

33 

15.0 

9 

34 

4.4 

9 

35 

Castrate 

6.3 

12 

36 

5.9 

12 

37 

Smooth,  gastric 

Man 

Ringer  glucose 

1.3 

26 

38 

Rat 

3.5 

6 

39 

Intestinal 

Cat 

1.4 

2 

40 

Frog 

0.28 

16 

41 

Rabbit 

2.6 

26 

42 

Rat 

Guinea  pig 
Castrate 
No  tension 
10  e  tension 

SaUne 

7.1 

19 

43 

Ringer  glucose 

6.3 

27 

44 

Jejunum 

Ringer- Locke 

1.261 

23 

45 

Seminal  vesicles 

Ringer  glucose 

1.7 

28 

46 

1.4 

28 

47 

Taenia  coli 

Ringer's  solution 

0.202 

29 

48 

0.425 

29 

49 

Uterine 

Man 

Ringer  glucose 

0.6 

26 

/I/  (il  oxygen  consumed  per  rag  wet  weight  per  hr.    /2/  ml  oxygen  consumed  per  100  ml  muscle  per  min.     HI  \i.\ 
oxygen  consumed  per  g  wet  weight  per  min. 

Contributors:    (a)  Vernberg,   F.  J.,    (b)  Fitzgerald,    L.  R.,   (c)  Barker,   S.  B.,   (d)  Quastel,  J.  H.,  and  Scholefield,  P.O. 


References:    [  l]    Burdette,   W.  J.,   J.  Laborat.  Clin.  M.  40:867,    1952.    [2]    Shorr,    E.,   Cold  Spring  Harbor  Symposia 
Quant.  Biol.  7:323,    1939.    [3]    Reilly,   J.,   Arch.  Biochem.  and  Biophys.  43:25,    1953.    (4)    Murray.   J.  B..    Am.  J. 
Physiol.  ir7:463,    1954.    [5]    Barker,    S.  B.,   unpublished.    [6]    Barker.    S.  B..   and  Klitgaard,   H.  M.,   Am.  J.  Physiol. 
r70:8I,    1952.    [7]    Field.   J.,   II,   in  Potter's  "Methods  in  Medical  Research,"  Chicago:    The  Year  Book  Publishers, 
1948.    [8)    Paul.   H.  E.,   Paul,    M.  F.,   and  Kopko,    F.,    Proc.  Soc.  Exp.  Biol.  79:555,    1952.    [9]    Von  Bertalanffy,    L., 
and  Pirozynski,   W.  J.,    Biol.  Bull.  j^:240,    1953.    (  10]    Ulbrick,    W.  C,   and  Whitehorn.    W.  V.,   Am.  J.  Physiol. 
171:407,    1952.    [ll]    Mottram,   R.  F.,   J.  Physiol.,    Lond.   128:268,    1955.    [12]    Eisenberg,    E..   Gordan.   G.  S.,   and 
Elliott,   H.  W.,    Endocrinology  45:113,    1949.    [13]    Vernberg,    F.  J.,    Biol.  Bull.  106:360,    1954.    [14]    Meyerhof.   O., 
Lohmann,   K.,   and  Meier,  R.,    Biochem.  Zschr.  1^:459,    1925.    [15]    Gemmill,   C.  L.,   Am.  J.  Physiol.  112:294, 
1935.    [16]    Meyerhof,   C,   and  Lohmann,   K.,    Biochem.  Zschr.  171: 381 .   421,    1926.    [17]    Ochoa,   S.,   ibid  227:116, 
1930.    [18]    Saslow.   G.,   J.  Cellul.  Physiol.  10:385,    1937.    [19]    Edson,   N.  L.,   and  Leloir.    L.  F.,    Biochem.  J., 
Lond.  35:7,    1941.    [20]    Lee,   K.  S.,   J.  Pharm.  Exp.  Ther.  1^09:304,    1953.    [21]    Gemmill,   C.  L.,    Bull.  Johns 
Hopkins  Hosp.  68:329,    1941.    [22]    Takane,    R..    Biochem.  Zschr.  m:403,    1926.    [23]    Borrow,   A.,   and  Penney, 
J.  R..    Exp.  Cell.  Res.  2:188,    1951.    [24]    Weiss,   A.  K.,   Am.  J.  Physiol.  m:201,    1954.    [25]    Barker,    S.  B.,   and 
Schwartz,    H.  S.,    Proc.  Soc.  Exp.  Biol.  83:500,    1953.    [26]    Rosenthal.   C,   and  Lasnitzki,   A.,    Biochem.  Zschr. 
196:340,    1928.    [27]    Dickens,   F.,  and  Weil- Malherbe,    H.,    Biochem.  J.,    Lond.  35:7,    1941.    [28]    Levey,   H.  A.,   and 
Szego,   C.  M.,    unpublished.    (29)    Bulbring,    E.,   J.  Physiol.,    Lond.  122: 1 1 1,    1953. 
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151.    ©2  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  i'^Oz)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  VU:    NEOPLASMS 

Section  1:    Malignant 


Tissue 

Animal 

Medium 

Q02 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Adenocarcinoma 

Mouse 

Ringer  glucose 

6.1-26 

1 

2 

Carcinoma,   various 
Flexner-Jobling 

Man 

2.0-7.9 

2,3 

3 

Rat 

Ringer's  solution.   Ringer  glucose 

6.0-8.6 

1-6 

4 

Earlis  strain  L  cells 

Krebs-Ringer  phosphate,   glucose 

9.4 

7 

5 

Leukocytes,   lymphatic  leukemia 
Mature  cells 
Mixed  cells 
Immature  cells 

Man 

Heparinized  plasma 

6.11 

8 

6 

2.61 

8 

7 

3.2l 

8 

8 

Leucocytes,  myelogenic  leukemia 
Mature  cells 
Mixed  cells 
Immature  cells 

2.3l 

8 

9 

2.21 

8 

10 

3.2l 

8 

11 

Sarcoma,   A-274 
Crocker 
Various 
Jensen 
Rous 

Mouse 

Krebs-Ringer  phosphate,  glucose 

4.58 

9 

12 

Ringer  glucose 

9.7-14.8 

10,  11 

13 

8.5-15.3 

2,6,10,11 

14 

Rat 

9.2-14.4 

10,12-15 

15 

Chick 

Ringer  glucose 

4.6-12.1 

12,16,17 

16 

Serum 

6.0 

18 

17 

Tumor,  ascites  cells 
Ehrlich  ascites  cells^ 
Spontaneous 

Mouse 

Krebs-Ringer  phosphate 

3242 

19 

18 

8.1 

20 

19 

Chick 

Ringer  glucose 

7.3-8.8 

1 

/I/  )il  oxygen  consumed  per  mg  wet  weight.    /2/  jil  oxygen  consumed  per  ml  per  hr.     HI  5  x  10^  cells  per  ml. 
Contributors:    (a)  Vernberg,   F.  J.,   (b)  Fitzgerald,   L.  R.,   (c)  Barker,   S.  B..   (d)  Quastel,  J.H.,  and  Scholefield,  P.  G. 

References:    [  l]    Murphy.   J.  B..   and  Hawkins,  J.  A.,  J.  Gen.  Physiol.  8:115,    1925.    [2]    Rosenthal.   O..   and 
Lasnitzki,   A.,    Biochera.  Zschr.   196:340,    1928.    [3]    Warburg,   O.,    Posener.   K..   and  Negelein,    E..   ibid  189:242, 
1927.    [4]    Loebell,    R.  O.,   Biochem.  Zschr.  16j^:219,    1925.    [5]    Minarai,   S.,   ibid  142:334,    1923.    [6]    Warburg,   O., 
ibid  ]^: 309,    1924.    [7]    Woodward.   G.  E..   and  Hudson.    M.  T..   Cancer  Res.  M:599.    1954.    18]    Glover,    E.  C. 
Daland,   G.  A.,   and  Schraitz,   H.  L.,   Arch.  Int.  M.  46:46,    1930.    [9]    Bird,   R.  M.,   Clements.   J.  A.,   and  Becker. 
L.  M.,   Cancer  4:1009.    1951.    [10)    Crabtree.    H.  G..    Biochem.  J..    Lond.  23:536.    1928.    [U]    Laser.   H.,    Biochem. 
J..   Lond.  M:  1671.    1937.    [12]    Dickens.   F.,   and  Simer.   F..   ibid  24:1301.    1920.    [13]    Dickens,    F.,   and  Greville. 
G.  D.,    ibid   27:  832,    1933.      [14]     Okamota.    Y..    Biochem.  Zschr.    160:52.    1925.      [15]     Weil-Malherbe,    H., 
Biochem.  J.,    Lond.  32:2257,    1938.    [16]    Crabtree.   H.  G.,   ibid  22:1289.    1928.    [17]    Warburg.   O.,    Biochem.  Zschr. 
IbO-.iOl,    1925.    [18]    Krebs.   H.  A.,   and  Kubowitz,   F..   ibid  m:194.    1927.    [19]    South.   F.  E..   Jr.,   and  Cook,   S.  F.. 
J.  Gen.  Physiol.  37:335.    1954.    [20]    Kalman.   S.  M.,   and  Clewe,    E.  R..   Stanford  M.  Bull.  1J^:216.    1953. 

Section  2:    Benign,  and  Hyperplastic  Tissues 


Tissue 

Animal 

Medium 

<^Z 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Goiter,    colloid,    resting 
Hyperactive 

Man 

Ringer  glucose 

2.5-5.2 

1.2 

2 

12.3 

2 

3 

Heart,   fibroblasts!,    i  transfer 
3-8  transfers 
3000  transfers 

Chicken,   young 

Serum  glucose 

22.5 

3 

4 

12.8 

3 

5 

12.0 

3 

6 

Papilloma,   bladder 

Man 

Ringer  glucose 

8.5-13.0 

4 

7 

Polyp,   nasal 

4.2-5.9 

4 

8 

Tonsil,   hyperplastic 

6.6-14.7 

4 

9 

Wart,    skin 

1.5 

5 

/I/  In  tissue  culture. 
Contributors:    (a)  Vernberg. 


F.  J.,    (b)  Fitzgerald.    L.  R..   (c)  Barker.   S.  B..   (d)  Quastel.  J.H.,  and  Scholefield.  P.  G. 


References:    [l]    Rosenthal,   O.,   and  Lasnitzki.   A..   Biochem.  Zschr.  196:340.    1928.    [2]    Walthard.   B..   Zschr. 
ges.  exp.  Med.  79:451,    1931.    [3]    Warburg,   O..   and  Kubowitz,   F.,    Biochem.  Zschr.  189:242,    1927.    [4]    Warburg. 
O.,   Posener,   K.,   and  Negelein,   E.,   ibid  152:309,    1924.    [5]    Crabtree,   H.  G.,   Biochem.  J.,   Lond.  22:1289,    1928. 
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151.    O2  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (^O^)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  VUI:    NERVE  TISSUES 

Section  1 :    Central  and  Retinal 


Tissue 

Animal 

Medium 

Q02 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Brain 

Man 

3.3I 

1 

2 

Rat 

Castrate,  30  da 

Ringer  phosphate 

5.4 

2 

3 

3.3 

3 

4 

Krebs- Ringer  phosphate 

1.30^ 

4 

5 

Krebs-Ringer  phosphate,   glucose  (370C) 
(42°C) 

25.O3I 

5 

6 

32.44I 

5 

7 

Ringer  phosphate 

7.3 

2 

8 

Chick  embryo 

Serum 

25 

6 

9 

Fish,   Arctic  cod 
Flounder 
Golden  orfe 
Goldfish 
Menhaden 
Mullet 
Pinfish 
Scup 
Spot 
Toadfish 

Ringer  phosphate  (250C),   mince 

1.65'! 

7 

10 

Phosphate  buffer  (30OC) 

6.963 

8 

11 

Ringer  phosphate  (250C),   mince 

1.37'' 

7 

12 

Phosphate  (270C),   brei 

11.9^ 

9 

13 

Phosphate  buffer  (30OC) 

13.04^ 

10 

14 

13.52^ 

8 

15 

9.30^ 

8 

16 

10. 51^ 

10 

17 

7.78^ 

8 

18 

6.78^ 

10 

19 

Cerebral 
cortex 

Man 

Ringer  glucose 

6.0-10.3 

11 

20 

Ringer's  solution 

1.09'= 

12 

21 

Cat 

Ringer  glucose 

8.5-12.2 

11,13 

22 

Dog 
1  wk 
3  wk 
5-7  wk 

6.7 

14 

23 

Phosphate  saline,   glucose 

2.444 

14.15 

24 

2.724 

14,  15 

25 

4.844 

14,  15 

26 

Guinea  pig 

Saline 

6.9 

16 

27 

Saline  glucose 

11.7 

17 

28 

Saline  phosphate,   glucose 

530  S 

18 

29 

Phosphate  buffer 

536 

19 

30 

Saline,  glucose,  phosphate 

6205 

18 

31 

Monkey 

Ringer  glucose 

7.4-11.8 

11 

32 

Mouse 

Ringer's  solution 

11.0 

20 

33 

Pig,   fetus  29-60  da 
99  da 
Birth  to  adult 

5.5 

21 

34 

6.5 

21 

35 

8.5 

21 

36 

Rabbit 

Ringer  glucose 

7.3-10.4 

22-24 

37 

Phosphate  buffer 

24.0b 

19 

38 

Rat,    5  da 
50  da 
Adult 

Ringer  glucose 

6.2 

25 

39 

14.7 

25 

40 

8.5-17.1 

11,25-31 

41 

Krebs-Ringer  phosphate 

10.40 

32 

42 

Krebs-Ringer  phosphate,  glucose 

8.57 

33 

43 

Saline,  glucose,  phosphate 

5705 

18 

44 

Pigeon 

Saline  glucose 

14.6 

17 

45 

Cerebellum 

Dog,    1  wk 
3  wk 
5-7  wk 
Adult 

Phosphate  saline,  glucose 

3.164 

14,15 

46 

3.484 

14,15 

47 

3.80-* 

14,  15 

48 

4.284 

14,15 

49 

Hippocampus 

Frog 

Ringer's  solution 

2.4 

34 

/I/  ml  oxygen  consumed  per  100  g  brain  per  min.     /2/  jil  oxygen  consumed  per  mg  wet  weight  per  hr.     HI  ^1 
oxygen  consumed  per  g  wet  weight  per  min.     /4/  Converted  to  dry  weight  basis  from  author's  data  for  fresh  tissue. 
Since  nerve  tissue  contains  approximately  7  5%  water,   a  per  mg  dry  weight  value  was  obtained  by  multiplying  by  4. 
/5/  (il  mol.  oxygen  consumed  per  g  dry  weight  per  hr.    /6/  jiM  oxygen  consumed  per  g  wet  weight  per  hr. 
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151.    O^  CONSUMPTION:     ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  VIII:    NERVE  TISSUES  (Continued) 

Section  1:    Central  and  Retinal  (Continued) 


Tissue 

Animal 

Medium 

Qo. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

50 

Medulla 

Cat 

Ringer  glucose 

3.5 

13 

51 

Dog,    1  wk 
3  wk 
5-7  wk 
Adult 

Phosphate  saline,   glucose 

3.844 

14,15 

52 

4.124 

14,15 

53 

3.404 

14,15 

54 

2.764 

14,15 

55 

Rat,   5  da 
50  da 
Adult 

Ringer  glucose 

3.4 

25 

56 

9.0 

25 

57 

2.5-4.9 

25,35 

58 

Thalamus 

Dog,    1  wk 
3  wk 
5-7  wk 
Adult 

Phosphate  saline,    glucose 

3.044 

14,15 

59 

3.884 

14,15 

60 

4.944 

14,15 

61 

4.044 

14,15 

62 

Hypothalamus 
Anterior 
Posterior 

Rat 

Ringer  glucose 

10.4 

35 

63 

Krebs- Ringer  phosphate 

7.53 

36 

64 

7.92 

36 

65 

Spinal  cord 

Cat 

1  wk 
3  wk 
Adult 

Ringer  glucose 

1.3 

13 

66 

Phosphate  saline,   glucose 

3.244 

14,15 

67. 

3.724 

14,15 

68 

2.004 

14,15 

69 

Frog 

Ringer  glucose 

2.3 

29 

70 

Retina 

Dog 

20.8 

37 

71 

Frog 

3.5 

38 

72 

Ox 

10.7 

39 

73 

Pig 

17.7 

40 

74 

Sheep 

Krebs- Ringer  solution,   glucose  pH  5 
pH  6 
pH  7 
pH  7.4 

0.74 

41 

75 

3.67 

41 

76 

7.47 

41 

77 

8.90 

41 

78 

Rabbit 

Alloxan  diabetes 

Ringer  phosphate,   glucose 

10.9 

42 

79 

8.7 

42 

80 

Rat 

Ringer  glucose 

22.0-32 

22,31,38,40,43 

44 

/4/  Converted  to  dry  weight  basis  from  author's  data  for  fresh  tissue.    Since  fresh  nerve  tissue  contains  approxi- 
mately 7  5%  water,   a  per  mg  dry  weight  value  was  obtained  by  multiplying  by  4. 


Contributors:    (a)  Vernberg,    F.  J.,    (b)  Fitzgerald, 
and  Scholefield,    P.  G.,    (f)  Himwich,    H.  E. 


L.  R.,    (c)  Barker,   S.  B.,    (d)  Elliott,   K.  A.,    (e)  Quastel,  J.  H., 


References:    [  l]     Wechsler,    R.  L.,    Dripps,    R.  R.,   and  Kety,    S.  S.,    Anesthesiology  12:308,    1951.    [2]    Gordan, 
G.  S.,    Bentinck,    R.  C.   and  Eisenberg,    E.,    Ann.  N.  York  Acad.  Sc.  54:575,    1951.    [  IJ  Paul,   H.  E.,    Paul,    M.  F., 
and  Kopko,    F..    Proc.  Soc.  Exp.  Biol.  79:555,    1952.    [4]    Barker,    S.  B.,   and  Schwartz,   H.  S.,    ibid  83:500,    1953. 
[5]    Jasper,    R.  L.,   and  Archdeacon,   J.  W.,    Physiol.  Zool.  24:163,    1951.    [6]    Warburg,   O.,   and  Kubowitz,    F.. 
Biochem.  Zschr.  j^:242,    1927.    [7]    Peiss,   C.  N.,   and  Field,   J.,    Biol.  Bull.  99:21 3,    1950.    [8]    Vernberg,    F.  J., 
and  Gray,    I.  E..   ibid  104:44  5,    1953.    [9]    Freeman.   J.  A.,   ibid  99:416,    1950.    Jlo]    Vernberg,    F.  J.,   ibid  106:360, 
1954.    [11]    Elliott,   K.  A.,   J.  Neurophysiol.  U:473,    1948.    [  1 2]    Elliott,    H.  W..   and  Sutherland,   V.  C.   J.  Cellul. 
Physiol.  40:221,    1952.    [13]    Craig,    F.  N..   and  Beecher.   H.  K..   J.  Neurophysiol.  6:135,    1943.    [14]    Himwich,  H.  E., 
and  Fazekas,   J.  F.,    Am.  J.  Physiol.  1 32:454,    1941.    [15]    Himwich,    H.  E.,    "Brain  Metabolism  and  Cerebral 
Disorders,"  Baltimore:    WiHiams  and  Wilkins  Co.,    1951.    [16]    Weil-Malherbe,    H.,    Biochem.  J.,    Lond.  32:2257, 
1938.    [17]    Edson,    N.  L. .   and  Leloir,    L.  F..    ibid  30:2319,    1936.    [18]    Mcllwain,    H.,    ibid  50:132.    1951. 
[19]    Webb,   J.  L.,   and  Elliott,    K.  A.,   J.  Pharm.  Exp.  Ther.  103:24,    1951.    [20]    Ogata,  Y.,  Jap.  J.M.Sc,  111  Biophysics 
Flexner,   J.  B..    Flexner,    L.  B.,   and  Strauss,    W.  L.,   Jr.,   J.  Cellul.  Physiol.   lS:iS5,    1941. 
and  Greville,   G.  D.,    Biochem.  J.,    Lond.  27:832,    1933.    [23]    Ebina,    T.,    Tohoku  J.  Exp.  M. 

Krebs,   H.  A.,   and  Rosenhagen,    H.,   Zschr.  ges.  Neur.  Psychiat.  134:643,    1931.    [25]    Chester, 
H.  E.,   Am.  J.  Physiol.  1_4J^:513,    1944.    [26]  Dickens,    F.,   and  Greville,   G.  D.,    Biochem.  J.,    Lond. 
Dickens,    F.,   and  Simer,    F.,   ibid  24:1301,    1920.    [28]     Elliott,   K.  A.,    Greig,    M.  E.,   and  Benoy, 
1937.    [29]     Loebell,    R.  O.,    Biochem.  Zschr.  161:219,    1925.    [30]    Meyerhof,    O.,  and  Lohmann, 


2:131,    1932.     [21] 
r22]    Dickens,    F. 
1_3:424.    1929.    [  24] 
A.,    and  Himwich, 
27:832,    1933.     [27] 
M.  P.,    ibid  31:1003, 
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151.    O^  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Part  VUI:    NERVE  TISSUES  (Concluded) 

Section  1:    Central  and  Retinal  (Concluded) 

K.,   ibidrn;381,   421,    1926.    (31]    Warburg,   O.,    Posener,   K.,   and  Negelein,    E.,   ibid  1^:309,    1924.    [32]    Peiss, 
C.  N.,   and  Field,   J..   Arch.  Biochem.  and  Biophys.  36:276,    1952.    [33]    Hoexter,    F.  M.,    Endocrinology  54: 1 ,    1954. 
[34]    Pearce,  J.,  and  Gerard.  R.  W.,  Am.  J.  Physiol.  n6:49,  1942.   [35]    Roberts,  $.,  and  Rock,  M.,  unpublished. 
[36]    Roberts,  S.,  and  Keller,  M.  R.,  Arch.  Biochem.  and  Biophys.  44:9.    1953.    [37]   SeUei,  C,  Weinstein,  P.,  and 
Jany,  J.,  Biochem.  Zschr.  247:146,    1932.   [38]   Negelein,  E.,  ibid  165:122,  1925.   [39]   Greig,  M.  E.,  Munro,  M.  P., 
and  Elliot,  K.  A.,  Biochem. J.,  Lond.  33:443.  1939.    [40]    Laser,  H.,  ibid  31^:  1 67 1 .   1937.    [41]    Roe.  C,  Acta  Ophth. , 
32:181,  1954.   [42]   llling,  E.  K.,  and  Gray,  C.  H.,  Endocrinology 7:242,  1951.   [43]   Robbie,  W.  A.,   and  Leinfelder, 
P.  J..  Am.  J.  Ophth.  32:208,  1949.   [44]    EUiott,   K.  A.,  and  Baker,  Z.,  Biochem.  J.,  Lond.  29:2433,    1935. 

Section  2:     Peripheral 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  ram  oxygen  consumed  per  g  fresh  weight  of  tissue  per  hour. 
Values  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range  (cf  Introduction). 


Tissue 

Animal 

Temp,  °C 

QO2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Axon,    isolated  giant 
Single  giant 

Cuttlefish  (Sepia  officinalis) 

21 

160 

1 

2 

Squid  (Loligo  pealii) 

16 

68»  (47-86) 

2 

3 

Cardiac,   inferior 

Cat 

36 

136  (96-182) 

3 

4 

Cervical  sympathetic 

Rabbit 

36 

154  (114-265) 

3 

5 

Intercostal 

Cow 

37 

208"=  (154-240) 

4 

6 

Lateral  line 

Dogfish  (Mustelus  canis) 

22 

75^  (45-124) 

5 

7 

Phrenic 

Dog 

38 

140 

6 

8 

Rat 

36 

151  (135-167) 

3 

9 

Sciatic 

Frog  (Rana  esculenta) 

14.6 

164  (11-21) 

7 

10 

(R.  pipiens) 

21.5 

42^  (20-80) 

8 

11 

22.0 

376  (19-62) 

9 

12 

(R.  temporaria) 

14.6 

23^  (17-27) 

7 

13 

15.2 

14.58  (12-19) 

10 

14 

Dog 

38 

120.0'' 

8 

15 

Rabbit 

37 

288.010  (200-350) 

11 

16 

Splanchnic 

Cow 

37 

542"   (369-669) 

4 

17 

Stellar  nerve  trunk 

Cuttlefish  (Sepia  officinalis) 

21 

741^  (62-95) 

1 

18 

Squid  (LoUgo  pealii) 

16 

741 

2 

19 

Vagus 

Dog 

38 

180  (135-195) 

12 

20 

Ventral  cord 

Lobster  (Homarus  americanus) 

24 

I23I3  (107-139) 

13 

III  Using  oxygen  electrode.    /2/  In  blood;  reduced  to  41  at  170C.    /3/  Corrected  for  temperature;  mean  R.  Q.,  0.83 
(0.77-0.88).     /4/  In  winter;   increased  to  21  in  spring;   steady  for  20  hr.     /5/  Mostly  in  winter  frogs;  increased  by 
half  in  summer;    Qjg  was  2.2.     /6/  Figures  calculated  from  Fenn's  data  by  Gerard  (1932);  increased  to  56  in 
summer.     /7/  In  winter;  increased  to  28  in  spring;  Qjo.   2.2.     /8/  In  winter.    /9/  Reduced  to  30  at  22°C;  not  altered 
if  degenerated  for  a  week.     /lO/  235  in  2nd  hr.     /ll/  In  blood;  not  significantly  different  in  Tyrode;  slightly  higher 
in  calves;  reduced  to  68  at  17°C.     /12/  In  sea  water.     /13/  In  sea  water,   decreases  by  1.5%  per  hr. 

Contributors:    (a)  Vernberg.   F.  J.,   (b)  Fitzgerald,    L.  R.,   (c)  Keynes,   R.  D. 

References:    [  l]    Cardot,   H.,    Faure,   S.,   and  Arvanitaki,    A.,    J.  physiol.  path.  g^n.  42:849,  1950.      [2]    Connelly, 
C.  M.,    Biol.  Bull.  103:315,    1952.    [3]    Larrabee.    M.  G..   and  Bronk,   D.   W.,    Cold  Spring  Harbor  Symposia  Quant. 
Biol.   r7:245,    1952.~T4]    Rosenbaum,   H.,   Biochem.  Zschr.  247:189,    1932.    (5)    Fenn,    W.  O.,   Am.  J.  Physiol. 
80:327,    1927.    [6]    Chang.   T.  H.,   Gerard,    R.  W.,   and  Shaffer,    M.,   ibid  101:19,    1932.    [7]    Gerard,    R.  W.,   ibid 
82:381,    1927.    [8]    Gerard,    R.  W.,    Proc.  Soc.  Exp.  Biol.  27:1052,    1930.  T?]    Fenn,   W.  O. ,   Am.  J.  Physiol.  92:349, 
1930.    [10]    Meyerhof,   O.,   and  Schmitt,    F.  O.,    Biochem.  Zschr.  208:445,    1929.    [ll]    Sherif.    M.  A.,   J.  Pharm. 
Exp.  Ther.     38:231,    1930.    [12]    Gerard,    R.  W.,   and  Mclntyre,    M.  D.  (quoted  by  Gerard,    R.  W.),    Physiol.  Rev. 
_12:469,    1932.     [l3]    Chang.    T.  H.,   Proc.  Soc.  Exp.  Biol.  28:954,    1931. 
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151.    O^  CONSUMPTION:     ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (*302)  are  expressed  in  cu  ram  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 

Part  IX:     REPRODUCTIVE  TISSUES 


Tissue 


Animal 


Medium 


QO2 


Reference 


(A) 


(B) 


(C) 


(D) 


(E) 


Male 


1 

Mammary  gland 

Rat,    15-25  wk 
>50  wk 

Ringer  phosphate 

3.4 

1 

2 

1.9 

1 

3 

Prostate 

Ringer  glucose 

7.6 

2 

4 

Krebs- Ringer  phosphate 

1.521 

3 

5 

Seminal  vesicles 
Castrate 

Guinea  pig 

Ringer's  solution 

4.6-2 

4 

6 

Ringer  glucose 

6.1 

5 

7 

2.8 

5 

8 

Rat 

Krebs-Ringer  phosphate 

O.77I 

3 

9 

2.7 

6 

10 

Spermatozoa 
Epididymal 

Bull 

Ringer  phosphate 

6.6 

7 

U 

Horse  serum 

11.2 

8 

12 

Horse  serum,   glucose 

12.8 

8 

13 

Whole  serum^ 

90 

9 

14 

Whole  serum* 

180 

9 

15 

Ringer  phosphate 

2.6 

10 

16 

Guinea  pig 

8.0 

8 

17 

Serum 

18.4 

8 

18 

Ejaculated 

Rabbit 

Ringer  phosphate 

4.4 

11 

19 

Ram 

9.0 

11 

20 

Rat 

Serum 

7.7 

12 

21 

Fowl 

2.8 

11 

22 

Testis 

Rabbit 

Ringer  glucose 

7.7 

13 

23 

Rat 

7.5-14.3 

14-20 

24 

Serum 

11.0 

12 

25 

Ringer  phosphate 

2.5 

21 

Female 

26 

Mammary  gland 

Rat,   virgin 
15-25  wk 
>50  wk 
Normal 
Breeder 
Castrate 
Pregnant 

Termination  of  pregnancy 
Parturition 
Lactating 

4th  da 

12th  da 

15-22  da 

24  da 
Weaning,    2  da  after 

7  da  after 

Ringer,  bicarbonate,   glucose 

20. OZ 

22 

27 

Ringer  phosphate 

2.9 

1 

28 

2.2 

1 

29 

Ringer  phosphate,   glucose 

3.7 

23 

30 

Ringer  phosphate 

4.0 

1 

31 

Ringer  phosphate,   glucose 

3.9 

23 

32 

10.2 

23 

33 

Ringer  glucose 

1.3 

24 

34 

Ringer,  bicarbonate,   glucose 

522 

22 

35 

Ringer  phosphate,   glucose 

10.1 

23 

36 

Ringer,  bicarbonate,   glucose 

100. 0^ 

22 

37 

105.0^ 

22 

38 

Ringer  glucose 

10.0 

24 

39 

Ringer,   bicarbonate,   glucose 

70. 0<: 

22 

40 

Ringer  glucose 

5.5 

24 

41 

Ringer  phosphate,   glucose 

5.1 

23 

42 

Ovary 

Mouse 

Serum 

9.0 

12 

43 

Rat 

Castrate 
Castrate 
Castrate 
Castrate,   plus  estrogen 

Ringer  glucose 

5.7 

2 

44 

Krebs-Ringer  phosphate 

I.I4I 

3 

45 

Uterus 

O.73I 

3 

46 

5.1 

25 

47 

Ringer  glucose 

5.3 

25 

48 

Ringer's  solution 

3.7 

2 

49 

5.2 

25 

50 

7.9 

25 

51 

Uterus,   endometrium 

Man,    1-5  da 
6-10  da 
18  da 

Potassium  pyruvate,   glucose 

1.97 

26 

52 

3.49 

26 

53 

2.68 

26 

/I/  cu  mm  oxygen  consumed  per  mg  wet  weight  per  hr.    /2/  ^l  oxygen  consumed  per  mg  nitrogen  per  hr.     /3/  10° 
sperm/ml.     /4/  2  x  109  sperm/ml.     /5/  Micromoles  oxygen  per  g  wet  weight  per  hr. 
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151.    02  CONSUMPTION:    ANIMAL  TISSUES  (Concluded) 

Values  for  oxidation  quotient  (^02)  are  expressed  in  cu  ram  oxygen  consumed  per  mg  dry  weight  of  tissue  per  hour, 
unless  otherwise  indicated. 


Part  IX:    REPRODUCTIVE  TISSUES  (Concluded) 


Tissue 

Animal 

Medium 

QO2 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

Female  (concluded) 


54 

r 

Uterus,   endometrium 
(concluded) 

Proliferation,  early 

Late 
Secretory,  early 

Late 

Man,  menopausal 

Potassium  pyruvate,   glucose 

1.28 

26 

55 

Saline  solution,  glucose 

2.35 

27 

56 

Krebs- Ringer  glucose 

3.24 

28 

57 

4.40 

28 

58 

3.87 

28 

59 

4.88 

28 

/5/  Micromoles  oxygen  per  g  wet  weight  per  hr. 

Contributors:    (a)  Vernberg,   F.  J.,   (b)  Fitzgerald,   L.  R. 
(f)  Quastel,   J.  H.,   and  Scholefield,    P.  G. 


(c)  Barker,   S.  B.,   (d)  Elliott,   K.  A.,    (e)  Jandorf,    B.  J., 
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Part  X:    PLACENTAL  TISSUES 


Tissue 

Animal 

Medium 

Q02 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

I 

AUantois 

Chick 

Ringer  glucose 

22.3 

2 

Chorio-allantois 

10.4 

3 

Chorio-allantois  and  yolk  sac 

Krebs  saline  phosphate 

5.6 

4 

Chorion 

Rat 

Ringer  glucose 

13.5 

5 

Decidua 

Man 

Serum 

2.5 

6 

Placenta,   7  wk 
15  wk 
30  wk 
0.4  mg 
10.9-13.7  mg 
Fetal  side 
Uterine  side 

Man 

Salt  solution,  pyruvate,   glucose 

3.1 

5 

7 

2.8 

5 

8 

2.2 

5 

9 

Mouse 

Serum 

7.5 

6 

10 

6.4 

11 

Rabbit 

5.3 

12 

3.4 

13 

20  da 

Rat 

Horse  serum 

3.9 

14 

Ringer's  solution 

7.3 

Contributors:    (a)  Vernberg,    F.  J.,    (b)  Fitzgerald,    L.  R.,   (c)  Barker,   S.  B.,    (d)  Elliott,   K.  A.,   (e)  Quastel,   J.  H., 
and  Scholefield,    P.  G. 

References:    [1]    Laser,    H.,    Biochem.  J.,    Lond.  3^:  1 67 1 ,    1937.    [2]    Brown,    B.,   and  Odenheimer,    K.,    StanfordM. 
Bull.   UiZlS.    1953.    [3]    Moulder,   J.  M.,   and  Weiss,    E.,   J.  Infect.  Dis.  88:68,    1951.    [4]    Bell,    W.  B.,    Brooks,   J., 
and  Jowett,    M.,   Cancer  Res.  12: 369,    1928.    [5]    Villee,   C.  A.,   J.  Biol.  Chem.  205: 1 1 3,    1953.    [6]    Fujita,   A.. 
Biochem.  Zschr.  197:175,    1928.    [7]     Murphy.   J.  B.,   and  Hawkins,   J.  A.,   J.  Gen.  Physiol.  8:115,    1925. 
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15Z. 


FETAL  TISSUES 


Values  presented  in  these  tables  should  be  considered  representative,   but  not  exact,    as  rarely  are  enough  data 
presented  to  justify  statistical  treatment,   and  rarely  is  independent  confirmatory  information  available.     Unless 
otherwise  specified,    values  are  for  a  single,   intact  embryo. 

Part  I:     SHEEP 
Based  on  blood- flow  and  blood- gas  analysis. 


Age,   da 

Wet  Weight,    g 

(il  Oi/br 

)il  O^/g/hr 

Age,  da 

Wet  Weight,    g 

til  02/hr 

til  02/g/hr 

(A) 

(B) 

(C) 

(D) 

(A) 

(B) 

(d) 

(D) 

1 

78 

250 

120,000 

474 

10 

127 

2850 

672,000 

234 

2 

95 

570 

426,000 

750 

11 

129 

2750 

1,512,000 

4861 

3 

99 

920 

378,000 

408 

12 

130 

2850 

726,000 

252 

4 

106 

960 

552,000 

576 

13 

136 

2810 

864,000 

396 

5 

108 

1050 

498,000 

474 

14 

137 

3850 

1.200,000 

312 

6 

111 

1200 

276,000 

228 

15 

138 

3650 

930,000 

252 

7 

112 

1000 

252,000 

252 

16 

141 

4100 

1,320,000 

324 

8 

123 

2040 

558,000 

234 

17 

144 

3500 

840,000 

240 

9 

126 

3000 

738,000 

246 

18 

152 

2800 

984,000 

258 

/I/  The  author  believes  this  value  too  high,   but  cannot  define  the  source  of  error. 

Contributor:    Fitzgerald,    L.  R. 

Reference:    Barcroft,   J.,    "Researches  on  Prenatal  Life,  "  Springfield,    111.:    Charles  C.  Thomas,    1947. 


Part  II:     RAT 


In  Lines  1-10,  values  are  based  on  Cartesian  Diver  technique;  w 
11-44  are  based  on  Warburg  manometric  technique.  Medium:  A 
0.025  M  bicarbonate  buffer  +  0.2%  glucose;  C  =  serum  +  0.025  M 
solution;  E  =  Ringer-phosphate,   pH  7.4. 


ith  the  exception  of  Lines  37  and  39,  values  in  Lines 
=  0.8%  NaCl,  phosphate  buffer,  pH  7.4;  B  =  serum  + 
bicarbonate  buffer  +  0.011  M  glucose;  D  =  Krebs 


Age 
da 

Stage 

Medium 

Dry  Weight 
mg 

nIOzAir 

QO2I 

^M 

^M 

QS'* 

R.Q. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

Follicular  ovum 

A 

O.OOUl 

29 

2 

1  cell 

A 

0.00072 

29 

3 

2  cells 

A 

0.00072 

29 

4 

2-4  cells 

A 

0.00073 

29 

5 

3-4  cells 

A 

0.00080 

32 

6 

8  cells 

A 

0.00106 

42.5 

7 

8-16  cells 

A 

0.00094 

38 

8 

1-16  cells 

A 

0.0002 

0.00073 

9 

8 

A 

0.01 

19.5 

10 

10 

A 

0.2 

13.5 

11 

B 

0.11 

12.8 

12 

B 

0.36 

18.0 

13 

B 

0.39 

26.3 

14 

B 

0.46 

15.9 

IS 

B 

0.47 

32.0 

16 

B 

0.57 

27.3 

17 

B 

0.67 

8.2 

18 

B 

0.90!> 

12 

13.3 

13.2 

19 

B 

0.90'' 

10.5 

11.8 

15.0 

20 

B 

1.00^ 

14.6 

14.6 

15.8 

21 

B 

LOO*) 

13.6 

13.6 

17.8 

22 

B 

1.10i> 

11.7 

10.6 

9.2 

23 

B 

i.iofe 

U.6 

10.6 

11.0 

24 

C 

1.34 

26 

25 

C 

1.68 

20 

26 

B 

1.87 

14.5 

27 

B 

1.88 

16.8 

28 

B 

2.40 

36.7 

14.3 

6.7 

29 

B 

2.48 

15.1 

30 

B 

2.50 

0 

31 

B 

2.55 

0 

2 

32 

B 

2.62 

10.0 

3 

/I/      O2  =  cu  mm  O2  consumed  per  mg  dry  weight  tissue  per  hr.     /2/  Q        =  cu  mm  lactic  acid  formed  in  O2  per  rag 

dry  weight  tissue  per  hr.     /3/  Q„'  =  cu  mm  lactic  acid  formed  in  N^  per  mg  dry  weight  tissue  per  hr.     /4/  QS  =  cu 

mm  acid  {carbonic  +  lactic)  formed  per  mg  dry  weight  tissue  per  hr.     /5/  Membranes  intact.     /6/  Membranes 
destroyed. 
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152.    O^  CONSUMPTION:     FETAL  TISSUES  (Continued) 
Part  II:    RAT  (Concluded) 

With  the  exception  of  Lines  37  and  39,    values  in  Lines  11-44  are  based  on  Warburg  manometric  technique.    Medium: 
A  =  0.8%  NaCl,    phosphate  buffer,    pH  7.4;  B  =  serum  +  0.025  M  bicarbonate  buffer  +  0.2%  glucose;  C  =  serum  + 
0.025  M  bicarbonate  buffer  +  0.011  M  glucose;  D  =  Krebs  solution;  E  =  Ringer-phosphate,    pH  7.4. 


Age 
da 

Stage 

Medium 

Dry  Weight 
mg 

^il  02/hr 

QO2I 

^M 

^M 

QS4 

R.Q. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(1) 

<J) 

(K) 

33 

B 

3.105 

38.7 

12.5 

12.2 

3 

34 

B 

3.106 

41.2 

13.3 

14.4 

3 

35 

B 

4.75 

9.5 

3 

36 

B 

4.89 

10.7 

3 

37 

12 

D 

47 

5 

38 

13 

E 

8.0 

55 

7.2 

6 

39 

13 

D 

65 

5 

40 

E 

10.0 

1.04 

7 

41 

B 

10.6 

7.5 

3 

42 

E 

30 

1.04 

7 

43 

13-14 

^7 

9 

0.5 

2 

0.7-1.0 

8 

44 

13-14 

e7 

11 

12 

1.00 

8 

45 

14 

D 

145 

5 

46 

15 

D 

113 

5 

47 

16 

D 

154 

5 

III      O     =  cu  mm  O2  consumed  per  mg  dry  weight  tissue  per  hr.     /2/  Q^ 


cu  mm  lactic  acid  formed  in  O2  per  mg 


N? 
dry  weight  tissue  per  hr.     /3/  Q^    =  cu  mm  lactic  acid  formed  in  N^  per  mg  dry  weight  tissue  per  hr.     /4/  QS  =  cu 


/5/  Membranes  intact.     /6/  Membranes 


ram  acid  (carbonic  +  lactic)  formed  per  mg  dry  weight  tissue  per  hr. 
destroyed.     /7/  Mediunn  contained  added  glucose. 
Contributor:     Fitzgerald,    L.  R. 

References:    [  l)    Boell,    E.  J.,   and  Nicholas,   J.  S..   J.  Exp.  Zool.  109:267.    1948.    [2]    Boell, 
J.  S.,    Science  90:411.    1939.    [3]    Negelein,    E.,   "The  Metabolism  of  Tumors,"  (ed.  Warburg 
Constable,    1930.    [4]    Kuomanomido,    S.,    Biochem.  Zschr.  193:31 5,    1928.    [5]     Mislivechkova,   A 
2:118.    1954.    [6]    Kleiber,    M..    Cole.    H.  H..   and  Smith.   A.  H.,   J.  Cellul.  Physiol.  22:167, 

1930.    [8]    Dickens.    F..   and  Greville,   G.  D. 

Part  III:     GUINEA  PIG 


E.  J., 
O..). 


and  Siraer,   F.,    Biochem.  J.,    Lond.  24:1301, 


and  Nicholas 
London: 
..    Cesk.  Morfol. 
1943.    [7l    Dickens.    F. 
ibid  27:832,    1933. 


Values  derived  from  blood-flow  and  blood-gas  measurements. 


Wet  Weight,   g 

(il  02/hr 

|il  Oylglhr 

^1  C02/hr 

^1  COziglhT 

R.Q. 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

5.5 

4.500 

810 

7,500 

1.  350 

1.67 

2 

16 

12.000 

756 

12.000 

756 

1.00 

3 

23.8 

6.000 

252 

6,000 

252 

1.00 

4 

35.8 

23.000 

643 

21,000 

586 

0.91 

5 

39 

15,000 

385 

18,000 

462 

1.20 

6 

61. S 

27,000 

440 

30,  000 

488 

1.11 

Contributor:     Fitzgerald,    L.  R. 

Reference:     Bohr.    C,    Skand.  Arch.  Physiol..    Berl.  ]^:413,    1900. 

Part  IV:    CHICK 

Section  1 
Warburg  manometric  procedures  on  isolated  embryos.     Manometric  determinations  on  intact  embryos  followed  by 
extensive  calculations  based  on  separate  studies  of  membrane  growth  and  respiration  [  l] .     Medium:    A  =  intact  egg 
in  air;  B  =  intact  egg  in  air  and  isolated  tissues  in  Ringer-phosphate.   pH  7.4;  C  =  isolated  embryo  in  Ringer- 
phosphate.    pH  7.2;  D  =  isolated  embryo  in  Krebs    solution +  0.24%)  glucose;  E=  isolated  embryo  in  Ringer-phosphate. 
pH  7.4;  F  =  isolated  embryo  in  Ringer-phosphate  or  Ringer-bicarbonate.   pH  7.4.    Where  values  are  enclosed  in 
parentheses,   glucose  was  added  to  the  medium. 


Age 

Medium 

Wet  Weight 
mg 

nil  02/hr 

^1  02/g/hr 

QO2 

^il  COz/hr 

k1  COzlglhr 

R.Q. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

1 
2 
3 
4 
5 
6 

15  hr 

16  hr 

16  1/4  hr 

24  hr 

25  1/4  hr 
48  hr 

C 
C 
C 
C 

c 
c 

4.75(7.12) 
4.73(5.57) 

6.91(8.32) 
14.5(19.0) 

14.0 

12.9 
10.7 

2 
2 
2 
2 

2 
2 

300 


152.    ©2  CONSUMPTION:     FETAL  TISSUES  (Continued) 

Part  IV:    CHICK  (Continued) 

Section  1  (Concluded) 

Warburg  raanometric  procedures  on  isolated  embryos.    Manometric  determinations  on  intact  embryos  followed  by 
extensive  calculations  based  on  separate  studies  of  membrane  growth  and  respiration  [  l]  .    Medium:    A  =  intact  egg 
in  air;  B  =  intact  egg  in  air  and  isolated  tissues  in  Ringer-phosphate,   pH  7.4;  C  -  isolated  embryo  in  Ringer- 
phosphate,   pH  7.2;  D  =  isolated  embryo  in  Krebs    solution  +  0.24%  glucose;  E  =  isolated  embryo  in  Ringer- phosphate, 
pH  7.4;  F  =  isolated  embryo  in  Ringer- phosphate  or  Ringer-bicarbonate,   pH  7.4.    Where  values  are  enclosed  in 
parentheses,   glucose  was  added  to  the  medium. 


Age 

Medium 

Wet  Weight 
mg 

Hl  Oz/hr 

(il  02/g/hr 

«o. 

^l  COz/hr 

(il  COzlglhr 

R.Q. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

7 

72  1/2  hr 

C 

24.1(27.4) 

10.7 

2 

8 

4  da 

16.5 

9 

A 

10.0 

10 

D 

13.3 

0.99-1.05 

11 

5  da 

A 

10. 5I 

12 

E 

1.00 

13 

F 

8.3(10.0) 

0.89(1.00) 

14 

10.9 

15 

6  hr-5  da 

B 

0.95-1.00 

16 

6  da 

B 

562 

595 

1226 

17 

A 

428 

528 

1200 

9.10 

18 

A 

10.2 

19 

7  da 

A 

832 

1000 

1250 

9,  10 

20 

B 

901 

869 

1076 

21 

9.4 

22 

8  da 

B 

1488 

1357 

1021 

23 

A 

1015 

1180 

1190 

9,  10 

24 

7.5 

25 

9  da 

B 

2068 

2090 

1050 

26 

B 

1633 

2025 

1240 

27 

10  da 

B 

3168 

2719 

949 

28 

A 

2534 

2920 

1160 

9.10 

29 

11  da 

B 

4304 

4050 

1015 

30 

A 

3577 

4080 

1135 

9.10 

31 

12  da 

B 

6100 

5460 

992 

32 

A 

4612 

5375 

1155 

9,10 

33 

13  da 

B 

8555 

8262 

1055 

34 

A 

8629 

8900 

1030 

9.10 

35 

14  da 

B 

11,838 

10,783 

1023 

36 

A 

11,431 

10,500 

920 

9.10 

37 

15  da 

B 

14,320 

13,293 

1030 

38 

A 

14,862 

13.400 

900 

9,10 

39 

16  da 

B 

17,570 

15,600 

990 

40 

A 

16,387 

14,000 

900 

9.10 

41 

17  da 

B 

21,870 

18,450 

920 

42 

A 

20,312 

15,300 

755 

9.10 

43 

18  da 

B 

24,210 

19,100 

850 

44 

A 

24,044 

15,100 

660 

9.10 

45 

19  da 

B 

28,270 

20,900 

765 

46 

A 

25,218 

15,300 

610 

9.  10 

111  When  serum  instead  of  Ringer's  solution  was  used  in  medium.   Qo^  =  12.9. 

Contributors:    (a)  Fitzgerald,    L.  R.,    (b)  Moog,   F. 

References:    [  l]    Needham,   J.,    Proc.  Roy.  Soc,  Lond.,  B  ]20:46,    1932.    [2]    Philips,    F.  S.,   J.  Exp.  Zool.  86:257, 
1941.    [3]    Kayser,   C,    Le  Breton,    E.,   and  Schaffer,   G.,   C.  rend.  Acad.  sc.  181^:255,  1925.    [4]   Romanoff,   A.  L.,   J. 
Cellul.  Physiol.  J^:  199.    1941.     [5]    EUiott.    K.  A.,   and  Baker,    Z.,    Biochem.  J.,    Lond.  29:2433,    1935.    [6]    Dickens, 
F.,   and  Simer,   F.,   ibid  24:1301,    1930.    [7]    Dickens,    F.,   and  Greville,   G.  D.,   ibid  27:832.    1933.    [8]    Needham, 
J.,   Proc.  Roy.  Soc,    Lond.,    B  U_2:98,    1932.    [9]    Murray,   H.  A.,   Jr.,   J.  Gen.  Physiol.  9:1,    1925-26.    [10]    Murray, 
H.  A.,   Jr.,   ibid  10:337,    1926-27. 
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152.    O^  CONSUMPTION:    FETAL  TISSUES  (Continued) 
Part  IV:    CmCK  (Concluded) 
Section  2 
Method  based  on  Warburg  manometric  technique.    Medium  was  serum;  where  values  are  enclosed  in  parentheses, 
however,   the  medium  used  was  Ringer's  solution. 


Dry  Weight 
mg 

<^o,' 

^M 

qN2^ 
^M 

Dry  Weight 
rag 

«o.' 

^M 

^M 

(A) 

(B) 

(C) 

(D) 

(A) 

(B) 

(C) 

(D) 

1 

0.085 

16.4 

5.9 

25.8 

29 

2.13 

13.7 

2 

0.086 

18.1 

9.2 

29.4 

30 

2.15 

9.1 

3 

0.093 

20.2 

7.5 

23.6 

31 

2.21 

8.8 

4 

0.10 

16.4 

7.9 

25.5 

32 

2.40 

11.6 

0.85 

13.3 

5 

0.27 

22.4 

5.5 

18.5 

33 

2.44 

19.3 

b 

0.54 

15.2 

4.5 

16.0 

34 

2.64 

(15.4) 

7 

0.58 

12.9 

35 

2.67 

12.9 

0 

10.5 

8 

0.70 

(22.8) 

36 

2.86 

(17.0) 

9 

0.79 

(22.8) 

37 

2.89 

9.4 

10 

0.81 

(22.9) 

38 

2.91 

14.7 

11 

0.83 

12.9 

39 

2.98 

11.4 

12 

0.86 

14.8 

40 

3.02 

(17.4) 

13 

0.905 

14.3 

0.6 

11.4 

41 

3.084 

11.65 

3.2 

14 

0.92 

(15.4) 

42 

3.19 

(17.9) 

15 

0.95 

15.9 

6.9 

21.0 

43 

3.24 

9.5 

16 

0.97 

(25.9) 

44 

3.27 

(14.5) 

17 

1.01 

18.9 

1.7 

11.5 

45 

3.49 

8.8 

18 

1.02 

(18.8) 

46 

3.52 

<18.8) 

19 

1.16 

20.2 

3.8 

13.1 

47 

3.57 

12.4 

20 

1.17 

15.1 

48 

3.87 

10.5 

0.95 

9.7 

21 

1.20 

21.4 

5.1 

16.3 

49 

3.97 

(13.8) 

22 

1.23 

(20.8) 

50 

4.01 

(13.3) 

23 

1.29 

12.5 

51 

4.104 

11.3'> 

1.3 

24 

1.32 

15.6 

52 

4.21 

(15.2) 

25 

1.67 

(21.4) 

53 

4.27 

(18.5) 

26 

1.86 

16.4 

0.9 

9.7 

54 

4.35 

9.7 

27 

1.90 

(24.0) 

55 

4.73 

8.1 

1.2 

7.5 

28 

1.92 

15.4 

56 

5.03 

5.0 

HI      O     =  cu  ram  Oi  consumed  per  mg  dry  weight  tissue  per  hr.     /2/  Q^    =  cu  mm  lactic  acid  formed  in  O^  per  mg 
dry  weight  tissue  per  hr.     /3/  Q^  =  cu  mm  lactic  acid  formed  in  N2  per  rag  dry  weight  tissue  per  hr.     /4/  Data  are 

from  Reference  [  2].     /5/R.Q.  =  0.99.     /6/  R.Q.  =  0.98. 

Contributor:     Fitzgerald,    L.  R. 

References:    [  l]    Kuomanomido,   S.,    Biochem.  Zschr.  1^:31 5,    1928.    [2]    Dickens,   F.,   and  Simer,    F.,    Biochem. 

J.,   Lond.  25:985,   1931.  Part  V:    BLACK  SNAKE  (Coluber  constrictor) 


Method  based  on  Warburg  manometric  technique  at  23.9°C. 

Age,  da 

^1  02/g/hr 

nl  02/ hr 

k1  C02/hr 

R.Q. 

Age.  da 

^1  02/g/hr 

111  02/ hr 

^lI  C02/hr 

R.Q. 

(A) 

(B) 

(C) 

(D) 

(E) 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

1 

3500 

210 

159 

0.76 

24 

30 

337 

173 

0.51 

2 

2 

162 

25 

31 

200 

356 

204 

0.57 

3 

3 

1610 

185 

161 

0.87 

26 

33 

334 

177 

0.53 

4 

4 

120 

27 

34 

192 

350 

183 

0.52 

5 

5 

135 

28 

36 

365 

176 

0.48 

6 

6 

225 

181 

0.81 

29 

38 

378 

229 

0.61 

7 

7 

194 

99 

0.51 

30 

39 

426 

235 

0.55 

8 

B 

635 

198 

31 

41 

478 

279 

0.58 

9 

9 

236 

32 

43 

177 

500 

290 

0.58 

10 

10 

223 

33 

44 

552 

313 

0.57 

11 

12 

468 

305 

34 

46 

531 

271 

0.52 

12 

13 

282 

35 

48 

57  5 

326 

0.57 

13 

15 

162 

36 

50 

722 

380 

0.53 

14 

17 

234 

37 

51 

175 

656 

357 

0.54 

15 

18 

310 

272 

38 

53 

813 

428 

0.54 

16 

20 

253 

39 

55 

873 

490 

0.56 

17 

22 

256 

40 

56 

970 

530 

0.55 

18 

23 

252 

126 

0.50 

41 

58 

175 

962 

560 

0.58 

19 

24 

233 

277 

42 

59 

1021 

476 

0.47 

20 

25 

300 

154 

0.51 

43 

61 

1021 

561 

0.55 

21 

26 

282 

123 

0.44 

44 

62 

175 

1227 

550 

0.45 

22 

27 

226 

334 

45 

64 

1080 

583 

0.54 

23 

28 

318 

166 

0.52 

46 

67 

125 

1026 

565 

0.55 

Contributor:    Clark,   H. 
Reference:    Clark,   H.,  J. 


Exp.  Biol..    Lond.  30:502,    1953. 
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152.     Oi  CONSUMPTION:     FETAL  TISSUES  (Continued) 
Part  VI:     FROG  (Rana  fusca) 


Medium:    aquarium  water. 

Age,   hr 

Stage 

jil  O^/hr 

R.Q. 

mg  Lactic  Acid/ 100  ova/hr 

Reference 

Aerobic 

Anaerobic 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Unfertilized  ova 

0 

0.04 

1 

2 

1 

0.093 

2 

3 

Fertilized  oval 

0 

0.05 

1 

4 

2 

0.126 

2 

5 

3-4 

0.164 

2 

6 

2  blastomeres 

0.72 

1 

7 

Morula 

0.098-0.120 

0.65 

1 

8 

16-20 

Blastula 

0.151 

2 

9 

Blast ula 

0.146 

0.70 

1 

10 

Gastrula 

0.184-0.213 

1.03 

0.045 

0.079 

1 

11 

Neurula 

0.334 

0.98 

0.057 

0.069 

1 

12 

Tadpole 

1.167 

0.97 

1 

/I/  Cleavage? 

Contributor:    Fitzgerald,   L.  R. 

References:    [  1]    Brachet,   J..   Arch.  Biol.,    Par.  45:611,    1934.    [2]    Brachet,  J.,    ibid  46:1,    1935. 

Part  VII:    FROG  (Rana  temporaria) 


Minced  embryos  in  Ringer-bicarbonate. 

Tadpole 

qN2 
"^M 

(A) 

(B) 

1 
2 
3 
4 
5 
6 

8-10  mm 
10-12  ram 
12-14  mm 
16-18  mm 
18-20  mm 
20-22  mm 

19.35 

12.7 

12.1 

10.72 

11.9 

14.6 

Contributor:    Fitzgerald,   L.  R. 

Reference:    Nowinski.    W.  W.,    Biochera.  J.,   Lond.  33:978,  1939. 

Part  VIII:    GRASS  OR  LEOPARD  FROG  (Rana  pipiens) 

Section  1:    Fertilized  Ova' 
Medium:    spring  water  or  10%  Ringer's  solution. 


After  Fertilization,  hr 

(il  O^/hr 

(A) 

(B) 

1 

2  1/2-3  1/2 

0.050 

2 

2  3/4-3  3/4 

0.054 

3 

3-4 

0.054 

4 

3  1/4-4  1/4 

0.055 

5 

3  1/2-4  1/2 

0.059 

6 

4-5 

0.052 

7 

5-6 

0.061 

8 

6-7 

0.057 

9 

6  1/2-7   1/2 

0.058 

/I/  Extensive  data  for  later  stages  given  in  graphic  form  in  the  reference. 
Contributors:    (a)  Fitzgerald,    L.  R.,    (b)  Moog,   F. 
Reference:    Atlas,    M.,   Physiol.  Zool.  1_1^:278,    1938. 
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152.     O^  CONSUMPTION:    FETAL  TISSUES  (Continued) 

Part  VIII;    GRASS  OR  LEOPARD  FROG  (Rana  pipiens)  (Concluded) 

Section  2:    Shumway  Development  Stages 

Medium:    aquarium  water. 


Stage 

Description 

111  O^/hr 

R.Q. 

(A) 

(B) 

(C) 

(D) 

1 

3 

Cleavage,   early 

0.052 

2 

3 

2  cells 

0.049-0.056 

0.73-1.05 

3 

6+ 

16-32  cells 

0.080 

0.88 

4 

7+ 

Cleavage 

0.105 

0.84-0.88 

5 

10 

Gastrula,   beginning 

0.173 

0.90-0.93 

6 

10+ 

0.136 

0.90 

7 

11  + 

Middle 

0.147 

0.87 

8 

12 

Late 

0.195-0.250 

0,82-0.87 

9 

13 

Neural  plate 

0.220-0.320 

0.82-0.87 

10 

14 

Neural  fold 

0.240-0.270 

0.83-0.84 

11 

15 

Neurula 

0.280-0.290 

0.81-0.86 

12 

16+ 

Gill- plate 

0.330-0.490 

0.81-0.88 

Contributor:    Fitzgerald,    L..  R. 
Reference:     Barth,    L.  G.,   J.  Exp. 


Zool.  203:463,    1946. 

Section  3:    Harrison  Development  Stages 


Method  based  on  Warburg  manometric  techniques.    Medium; 

aquarium  water. 

Age,  da 

Stage 

jil  02/hr 

Age,  da 

Stage 

111  02/hr 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

1 

0 

0 

0.06 

41 

29 

23.49 

2 

1 

0.08 

42 

30 

18.40 

3 

1 

0.10 

43 

31 

19.94 

4 

2-3 

0.07 

44 

32 

21.75 

5 

3 

0.12 

45 

33 

18.09 

6 

4-5 

0.06 

46 

34 

17.34 

7 

5-6 

0.10 

47 

35 

17.22 

8 

7 

0.08 

48 

36 

19.99 

9 

7-8 

0.09 

49 

37 

19.81 

10 

8 

0.23 

50 

38 

19.12 

11 

10 

0.39 

51 

39 

18.85 

12 

11 

0.56 

52 

40 

18.18 

13 

12-13 

0.70 

53 

41 

22.49 

14 

18-19 

0.88 

54 

42 

20.72 

15 

25-28 

0.98 

55 

43 

18.58 

16 

29-33  (Hatching) 

1.22 

56 

44 

25.00 

17 

35 

1.61 

57 

45 

18.13 

18 

37 

1.93 

58 

47 

22.99 

19 

Feeding  begins 

3.26 

59 

48 

27.13 

20 

4.49 

60 

49 

25.09 

21 

7.27 

61 

50 

35.46 

22 

6.95 

62 

51 

27.29 

23 

5.83 

63 

52 

32.57 

24 

10 

4.59 

64 

53 

31.10 

25 

11 

4.64 

65 

54 

41.15 

26 

12 

5.03 

66 

55 

34.25 

27 

13 

4.33 

67 

60 

43.8 

28 

14 

6.27 

68 

67 

52.2 

29 

15 

5.92 

69 

72 

63.1 

30 

17 

6.34 

70 

73 

38.1 

31 

18 

7.52 

71 

74 

115.6 

32 

19 

7.85 

72 

78 

85.4 

33 

20 

12.04 

73 

81 

192.8 

34 

21 

12.23 

74 

83 

79.0 

35 

22 

12.02 

75 

85 

69.6 

36 

23 

14.21 

76 

86 

85.3 

37 

24 

13.96 

77 

90 

Metamorphosis 

95.2 

38 

26 

14.73 

78     100 

Metamorphosis 

127.4 

39 

27 

18.31 

79 

110 

176.1 

40 

28 

16.98 

Contributor:     Fitzgerald, 
Reference:    WlUs,   1.  A., 


L.  R. 
J.  Exp. 


Zool.  73:481,    1936. 
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15Z.    O^  CONSUMPTION:    FETAL  TISSUES  (Continued) 

Part  IX:     PACIFIC  COAST  NEWT,  OR  "WATER  DOG"    (Triturus   torosus) 

Medium:    aquarium  water.    Stages  refer  to  the  Harrison  stage  ot  comparable  development. 


Age,   da 

Stage 

Hl  02/ hr 

Age,   da 

Stage 

jil  Oz/hr 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

I 

1 

1-3 

0.49 

18 

20 

39  (Hatching) 

2.40 

2 

1 

3-6 

0.25 

19 

21 

40 

2.39 

3 

2 

7-8 

0.20 

20 

24 

43 

2.90 

4 

3 

9 

0.39 

21 

25 

44  (Feeding  begins) 

3.40 

5 

3 

10 

0.31 

22 

30 

3.23 

6 

3 

11 

0.46 

23 

55 

43.79 

7 

3 

12 

0.39 

24 

65 

21.38 

8 

5 

15 

0.43 

25 

75 

53.27 

9 

5 

17 

0.60 

26 

90 

56.31 

10 

5 

19 

0.54 

27 

95 

Metamorphosis 

52.30 

11 

5 

20 

0.67 

28 

100 

Metamorphosis 

72.24 

12 

6 

22 

0.57 

29 

105 

Metamorphosis 

68.52 

13 

7 

23 

0.68 

30 

110 

Metamorphosis 

91.65 

14 

9 

29 

0.44 

31 

115 

57.62 

15 

14 

35 

1.04 

32 

120 

60.90 

16 

18 

37 

1.20 

33 

135 

60.30 

17 

19 

38 

1.49 

Contributor:    Fitzgerald,    L.  R. 

Reference:    Wills,   I.  A.,   J.  Exp.  Zool.  73:481.    1936. 

Part  X:     SPOTTED  AND  TIGER  SALAMANDERS  (Amblysto 
Method  based  on  modified  Thunberg  differential  respirometer.    Medium: 
refer  to  the  Harrison  stage  of  comparable  development 


ma  punctatum,    A.  tigrinum) 
either  tap  water  or  spring  water 


Stages 


A.  punctatum 

A.  tig 

rinura 

oiage 

Dry  Weight,   rag 

111  02/hr 

yo2 

Dry  Weight,   rag 

k1  02/hr 

WO2 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

7.8,9 

2.67 

0.180 

0.0677 

2 

10 

3.181 

O.265I 

0.08381 

2.48 

0.393 

0.1586 

3 

11 

2.93 

0.491 

0.1676 

4 

12 

2.86 

0.283 

0.0990 

2.93 

0.516 

0.1762 

5 

13 

2.25 

0.464 

0.2062 

6 

14 

2.97 

0.343 

0.1156 

2.90 

0.661 

0.2280 

7 

15 

2.81 

0.342 

0.1219 

8 

16 

3.08 

0.392 

0.1275 

2.60 

0.591 

0.2274 

9 

17 

2.63 

0.362 

0.1378 

10 

18 

3.28 

0.430 

0.1313 

3.28 

0.692 

0.2264 

11 

19 

3.26 

0.490 

0.1505 

12 

20 

2.13 

0.343 

0.1611 

1.97 

0.471 

0.2395 

13 

21 

3.08 

0.482 

0.1565 

14 

22 

2.23 

0.627 

0.2815 

15 

23 

3.01 

0.482 

0.1602 

16 

24 

2.93 

0.472 

0.1611 

2.03 

0.685 

0.3377 

17 

25 

3.28 

0.553 

0.1689 

18 

26 

2.72 

0.907 

0.3334 

19 

27 

2.99 

0.622 

0.2080 

20 

28 

2.18 

0.491 

0.2257 

2.83 

0.964 

0  3406 

21 

29 

22 

30 

3.30 

0.885 

0.2681 

2.56 

0.961 

0.3754 

23 

31 

3.02 

0.911 

0.3023 

24 

32 

2.85 

1.285 

0.4510 

25 

33 

3.31 

0.947 

0.3126 

26 

34 

2.82 

1.316 

0.4668 

27 

35 

2.99 

1.070 

0.3579 

28 

36 

2.62 

1.366 

0.5218 

29 

37 

3.19 

1.553 

0.4868 

2.19 

1.313 

0.5999 

30 

38 

2.82 

2.605 

0.9240 

31 

39 

2.30 

1.883 

0.8186 

2.31 

2.319 

1.004 

32 

40 

2.47 

2.458 

0.9950 

2.49 

2.585 

1.038 

33 

41 

2.31 

3.710 

1.616 

34 

42 

1.78 

2.389 

1.335 

35 

43 

2.27 

3.705 

1.632 

1.78 

3.262 

1.833 

36 

44 

1.43 

4.058 

2.838 

37 

45 

1.80 

2.742 

1.524 

2.74 

9.113 

3.326 

38 

46 

1.43 

3.167 

2.215 

39 

14-16  ram  larva 

2.24 

3.516 

1.556 

40 

14-21  ram  larva 

2.20 

4.974 

2.231 

/ 1  /  Average  for  more  than  one  weight  of  embryo. 
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152.    O^  CONSUMPTION:    FETAL  TISSUES  (Continued) 
Part  X:    SPOTTED  AND  TIGER  SALAMANDERS  (Amblystoma  punctatum.   A.  tigrinum)  (Concluded) 
Method  based  on  modified  Thunberg  differential  respironieter.    Medium:    either  tap  water  or  spring  water.    Stages 
refer  to  the  Harrison  stage  of  comparable  development. 


c*.....^ 

A.  p 

unctatum 

A.  tigrinum 

"i.»e«= 

Dry  Weight,   mg 

Hl  02/hr 

yoz 

Dry  Weight, 

mg 

til  Oz/hr 

yo2 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

iV 

17-21  mm  larva 

4.38 

6.597 

1.542 

42 

22-27  mm  larva 

7.80 

9.422 

1.225 

43 

22-37  mm  larva 

15.81 

28.86 

1.919 

44 

28-36  mm  larva 

26.01 

26.33 

1.067 

45 

37-48  mm  larva 

70.29 

59.62 

0.885 

46 

38-54  mm  larva 

53.40 

67.37 

1.258 

47 

55-72  mm  larva 

148.3 

136.4 

0.936 

48 

73-93  mm  larva 

317.6 

213.8 

0.6784 

49 

82-85  mm  larva 

346.6 

298.3 

0.862 

Contributor:    Fitzgerald,   L.  R. 


Reference:    Hopkins,   H.  S.,   and  Handford,    S.  W.,   J.  Exp.  Zool.  93:403,    1943. 


Part  XI:  SPOTTED  SALAMAN 
Method  based  on  Warburg  manometric  technique.  Medium 
comparable  development 


DER  (Amblystoma 
aquarium  water. 


maculatum) 
Stages  refer  to  the  Harrison  stage  of 


Age,   da 

Stage 

hil  Oz/hr 

Age,   da 

Stage 

y.1  Oz/hr 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

1 

1 

7-8 

0.54 

29 

29 

8.27 

2 

1 

8-9 

0.34 

30 

30 

9.41 

3 

2 

15-16 

0.43 

31 

31 

10.48 

4 

3 

18-19 

0.55 

32 

32 

11.42 

5 

3-4 

29-31 

0.65 

33 

33 

11.15 

6 

4 

32 

0.73 

34 

34 

12.52 

7 

5 

33-34 

1.28 

35 

35 

13.46 

8 

6 

37-38 

1.70 

36 

36 

12.88 

9 

7 

39-40 

2.U 

37 

37 

13.40 

10 

8 

41 

2.36 

38 

38 

13.20 

11 

9 

42  (Hatching) 

2.69 

39 

39 

15.36 

12 

10 

43 

3.64 

40 

40 

17.19 

13 

11 

44 

4.53 

41 

41 

18.22 

14 

12 

45 

5.46 

42 

42 

18.98 

15 

14 

46  (Feeding  begins) 

6.03 

43 

43 

19.18 

16 

15 

46 

6.10 

44 

44 

18.20 

17 

17 

5.47 

45 

45 

20.82 

18 

18 

5.80 

46 

53 

38.30 

19 

19 

6.10 

47 

58 

41.50 

20 

20 

6.48 

48 

60 

64.00 

21 

21 

5.65 

49 

66 

45.20 

22 

22 

5.97 

50 

68 

28.00 

23 

23 

5.88 

51 

73 

63.10 

24 

24 

6.21 

52 

80 

107.40 

25 

25 

6.48 

53 

85 

Metamorphosis 

118.70 

26 

26 

6.57 

54 

105 

107.30 

27 

27 

7.08 

55 

115 

118.20 

28 

28 

7.55 

Contributor:    Fitzgerald,    L.  R. 

Reference:    Wills,   I.  A.,   J.  Exp.  Zool.  73:481,    1936. 


Part  XII:    MEXICAN  SALAMANDER  (Amblystoma  mexicanum) 


Method  based  on  Warburg  manometric  technique  at  temperature  of  22.60C. 

Age,  hr 

Stage 

(il  Oz/hr 

Age,   hr 

Stage 

Hl  02/hr 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

1 

8 

Blastula 

0.168 

9 

75 

0.550 

2 

16 

Gastrula,   early 

0.193 

10 

90 

0.818 

3 

24 

Gastrula,   late 

0.248 

11 

100 

0.970 

4 

32 

Neurula,   early 

0.286 

12 

115 

1.365 

5 

40 

Neurula,   late 

0.305 

13 

140 

2.10 

6 

48 

Tail-bud.    early 

0.325 

14 

165 

2.71 

7 

56 

Tail-bud,   late 

0,363 

15 

190 

3.30 

8 

65 

0.425 

16 

220 

3.95 

Contributor:    Fitzgerald,   L.  R. 
Reference:    Fisher,    F.  G.,   and  Hartwig, 


H.,    Biol.  Zbl.  58:567,    1938. 
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152.    O^  CONSUMPTION:     FETAL  TISSUES  (Concluded) 

Part  XIII:    ATLANTIC  SALMON  (Salmo  salar) 
Values   are   expressed   in  nl  Ozig  wet  wt/hr. 
Medium:    10%  sea-water. 


Age,  da 

QOz 

(A) 

(B) 

1 

19 

136.5 

2 

21 

137.5 

3 

24 

131.5 

4 

26 

136.5 

5 

30 

151.0 

6 

32 

146.0 

7 

35 

156.0 

8 

37 

137.0 

9 

39 

149.0 

10 

45 

145.0 

11 

50 

152.0 

Contributor:    Fitzgerald,    L.  R. 

Reference:    Hayes,    F.  A.,   Wilraot,   I.  R.,   and 

Livingstone,    D.  A.,    J.  Exp.  Zool.   U^:377,    1951 


Part  XIV:     COMMON  KILLIFISH 
Medium:    S-W  =  sea  water;  A  = 


( Fundulus  heteroclitus) 
water-saturated  air. 


Age 

Stage 

Medium 

^1  Oz/hr 

til  COz/hr 

R.Q. 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1-4  hr 

S-W 

0.029-0.036 

2 

li-2  hr 

S-W 

0.026-0.033 

3 

2-2i  hr 

S-W 

0.023-0.037 

4 

2i-3  hr 

S-W 

0.022-0.035 

5 

2-5  hr 

Up  to  8  cells 

S-W 

0.01 

2 

6 

3-3i  hr 

S-W 

0.028-0.038 

7 

3i-4  hr 

S-W 

0.025-0.037 

8 

4-4|  hr 

S-W 

0.022-0.044 

9 

4i-5  hr 

S-W 

0.027-0.054 

10 

5-5|  hr 

S-W 

0.026-0.040 

II 

4-6  hr 

2-4  cells 

S-W 

0.04 

2 

12 

6-8  hr 

32  cells 

S-W 

0.03 

2 

13 

9-11  hr 

Small  disc 

S-W 

0.02 

2 

14 

9-11  hr 

Many  cells 

S-W 

0.04 

2 

15 

22-24  hr 

Large  disc 

S-W 

0.05 

2 

16 

I  da 

A 

0.03 

0.03 

0.85 

3 

17 

26-29  hr 

S-W 

0.06 

2 

18 

30-32  hr 

S-W 

0.07 

2 

19 

34-37  hr 

Embryo  with  eyes 

S-W 

0.07 

2 

20 

2  da 

S-W 

0.07 

2 

21 

2  da 

A 

0.09 

0.07 

0.77 

3 

22 

2i  da 

S-W 

0.07 

2 

23 

3  da 

S-W 

0.05 

2 

24 

3  da 

A 

0.16 

0.12 

0.75 

3 

25 

3i  da 

Circulation  established 

S-W 

0.12 

2 

26 

4  da 

A 

0.21 

0.16 

0.75 

3 

27 

4  da 

S-W 

0.09 

2 

28 

4i  da 

S-W 

0.09 

2 

29 

5  da 

A 

0.20 

0.15 

0.74 

3 

30 

5^  da 

S-W 

0.08 

2 

31 

6  da 

A 

0.26 

0.19 

0.74 

3 

32 

6  da 

S-W 

0.07 

2 

33 

7  da 

A 

0.35 

0.25 

0.70 

34 

8  da 

A 

0.40 

0.28 

0.70 

35 

9  da 

A 

0.48 

0.35 

0.74 

36 

10  da 

A 

0.43 

0.32 

0.76 

37 

11  da 

A 

0.41 

0.30 

0.73 

38 

12  da 

Hatching  begins 

A 

0.44 

0.33 

0.76 

Contributor:    Fitzgerald,   L.  R. 

References:    [I]    Philips,    F.  S.,    Biol.  Bull.  78:256,    1940.    [2]    Hyman.   L.  H., 

W.  R.,   and  Armstrong,    P.  B.,   J.  Cellul.  Physiol.  2:381,    1933. 


ibid  40:32,    1921.    [3]    Amberson, 
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153.    EFFECT  OF  POTASSIUM  ION  CONCENTRATION  ON  O^  CONSUMPTION:    ANIMAL  TISSUES 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  mm  oxygen  per  mg  final  dry  weight  of  tissue  per  hour,  unless 
otherwise  indicated.    Media  are  described  in  the  appropriate  footnotes  in  terms  of  quantity  of  ion  per  liter  of  solution. 

Part  I:    GUINEA  PIG  LIVER  AND  RABBIT  KIDNEY  CORTEX 

Values  in  parentheses  are  ranges,   estimate  "c"  of  the  95%  range  (of  Introduction). 


K+  Concentration  in 

Suspending  Medium' 

mEq/L 

QO22 

Water  Content^ 
g/100  g  wet  wt 

Tissue  Volume*'  5 
wet  wt 
dry  wt 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

Liver,   Guinea  Pig 

1 

0 

3.8(2.9-4.8) 

79.0(77.6-79.8) 

1.28(1.19-1.36) 

1,2 

2 

5 

4.5(3.5-5.7) 

76.0(72.8-78.7) 

1.09(1.00-1.23) 

1,2 

3 

10 

5.0(4.0-6.1) 

75.7(73.0-78.6) 

1.08(0.97-1.16) 

1,2 

4 

20 

5.2(4.1-6.1) 

75.5(73.2-77.9) 

1.08(0.97-1.17) 

1,2 

5 

40 

5.1(4.1-6.2) 

76.9(74.6-80.2) 

1.11(0.99-1.32) 

1.2 

6 

70 

5.0(3.8-5.5) 

78.0(75.3-81.4) 

1.19(1.03-1.32) 

1,2 

Kidney  Cortex,    Rabbit 

7 

0 

14.7(12.5-18.0) 

76.0(73.0-79.7) 

0.96(0.86-1.13) 

3 

8 

5 

15.8(14.5-17.5) 

74.4(73.4-76.7) 

0.90(0.87-0.99) 

3 

9 

10 

14.8(13.6-15.7) 

75.0(73.2-78.2) 

0.92(0.86-1.04) 

3 

10 

20 

15.3(14.1-16.9) 

77.5(75.2-80.0) 

1.02(0.93-1.15) 

3 

11 

40 

17.6(15.4-21.5) 

81.4(79.6-83.3) 

1.24(1.13-1.38) 

3 

12 

55 

19.4(18.0-20.6) 

83.0(81.4-83.7) 

1.36(1.24-1.42) 

3 

13 

70 

20.8(18.8-22.5) 

85.2(84.2-86.5) 

1.56(1.46-1.71) 

3 

III  Medium  containing  (155-X)  mEq  Na+,   XmEq  K+,    4.6  mEq  Ca++  and  3.0  mEq  Mg++,   buffered  by  20  raM 
phosphate;  pH  =  7.15;  addition  of  glucose,    pyruvate,   glutamate  and  furaarate  as  substrates  (5  raM  each). 
IZl  Estimated  by  Warburg's  direct  method  at  37.5°C.     /3/  Calculated  from  final  wet  weight  and  final  dry  weight  of 
slices  (dried  in  oven  at  IO5OC  until  constant  weight  reached.)    /4/  Calculated  from  change  in  wet  weight  per  unit  of 
tissue  solids  (dry  weight),   the  wet  weight/dry  weight  ratio  of  liver   tissue     or  kidney   cortex,   removed  immediately 
after  death,   being  the  reference  base  of  the  data.    Per  cent  water  content;    fresh  guinea  pig  liver,   73.65(71.1-76.6); 
rabbit  kidney  cortex.   76.8(73.6-78.6).     /5/  Relative  tissue  volume  in  vivo  =  1.0. 

Contributor:    Aebi,   H. 


References:    [l]    Aebi,   H.,    Helvet.   physiol.  pharm.  acta  jjO:184,    1952. 
Helvet.  physiol.  pharm.  acta  n^:96,    1953. 


[2]    Aebi.    H.,   unpublished.    [3]    Aebi,   H., 


Part  II:     RABBIT  KIDNEY  CORTEX,    VARIOUS  TEMPERATURES 


K+  Concentration  in 

Incubation  Immediately 
after  Death,   4°C 

Incubation  Immediately 
after  Death,   220C 

Incubation  after 
"Leaching,"  25°C 

Reference 

mEq/L 

Water  Content^ 
g/100  g  wet  wt 

00^3 

Water  Content'' 
g/100  g  wet  wt 

QO2* 

Water  Content^ 
g/100  g  wet  wt 

(A) 

(B) 

(C) 

(D) 

(E) 

<F) 

(0) 

2 

3 
4 
5 

6 

0 

10 

20 

40 

55 

70 

79.9 
80.1 
B0.4 
81.6 
81.5 
81.8 

4.4 
4.7 
4.2 
4.8 
4.7 
4.6 

74.0 
74.8 
76.2 
80.3 
82.1 
83.9 

2.9 
3.5 
3.4 
2.9 

2.5 

79.2 
79.2 
79.5 
79.0 

81.0 

B-D.1;E,F,2 
B-D,1;E,F,2 
B-D,1;E,F,2 
B-D,1;E.F,2 
B-D,1;E,F,2 
B-D,1;E,F,2 

/I/  Medium  for  Columns  B,   C  and  D  containing  (155-X)  mEq. Na+,   X  mEq  K*,   4.6  mEq  Ca''"''  and  3.0  mEq  Mg++. 
buffered  by  20  mM  phosphate;  pH  =  7.15;  addition  of  glucose,    pyruvate,   glutamate  and  fumarate  as  substrates  (5  mM 
each).    Medium  for  E  and  F  containing  (150-X)  mEq  Na+,   X  mEq  K+  and  1.4  mEq  Ca++,   buffered  by  3.7  mM 
phosphate;  pH  =  7.4;  addition  of  0.01   M  Na-acetate  as  substrate.     HI  Calculated  from  final  wet  weight  and  final  dry 
weight  of  slices  (dried  in  oven  at  105°C  until  constant  weight  reached).     /3/  Estimated  by  Warburg's  direct  method. 
/4/  Original  data  were  given  on  an  initial  wet  weight  basis  and  have  been  converted  to  a  dry  weight  basis.     /5/  Calcu- 
lated as  described  in  Footnote  2,   but  using  different  drying  technique  (dried  in  a  vacuum  oven  over  phosphorus 
pentoxide  at  8OOC). 


Contributor:    Aebi.   H. 

Reference:    [  l]    Aebi, 
1951. 


H.,    Helvet.  physiol.  pharm.  acta  U^-'^'"'  1953.    [2]    Mudge,   G.  H.,    Am.  J.  Physiol.  165:113, 
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153.    EFFECT  OF  POTASSIUM  ION  CONCENTRATION  ON  O^  CONSUMPTION:    ANIMAL  TISSUES  (Continued) 

Values  for  oxidation  quotient  (QO2)  are  expressed  in  cu  mm  oxygen  per  mg  final  dry  weight  of  tissue  per  hour,  unless 
otherwise  indicated.    Media  are  described  in  the  appropriate  footnotes  in  terms  of  quantity  of  ion  per  liter  of  solution. 

Part  UI:    RAT  DIAPHRAGM,  VARIOUS  pH  LEVELS 


K*  Concentration  in 

pH 

Suspending  Mediuml 
mM/L 

QOz 

(A) 

(B) 

(C) 

1 

7.3 

12 

13.7 

2 

15 

12.6 

3 

18 

11.3 

4 

24 

10.5 

5 

30 

9.4 

6 

6.5 

12 

9.3 

7 

18 

8.9 

8 

24 

9.3 

9 

30 

7.9 

10 

6.0 

12 

7.0 

11 

18 

7.2 

12 

24 

7.0 

13 

30 

6.7 

14 

7.0 

12 

13.0 

15 

122 

14.6 

16 

123 

11.8 

HI  Medium  containing  (0.120-X)  M  NaCl,   XM  KCl,   0.0006  M 

CaClz,   0.0005  M  MgCl2.   0.03  M  phosphate  buffer,   and  0.01  M 

pyruvate,   except  in  Lines  15  and  16.    HI  Plus  0.01  M  pyruvate. 

/3/  Plus  0.01  M  glucose. 

Contributor:     Fitzgerald,    L.  R. 

Reference:    Frunder,  H.,  Zschr.  physiol.  Chem.  29J_:217,  1953. 

Part  IV:    RAT  BRAIN,   VARIOUS  SUBSTRATES 


Final  Concentration  of  Added 

QO22 

KCl  in  Suspending  Medium' 

Glucose  Substrate 

Fructose  Substrate 

Lactate  Substrate 

mEq/L 

Before 

30  min  after 

Before 

30  min  after 

Before 

30  min  after 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 
2 
3 

2.4 

52 

102 

10.2 
10.4 
10.2 

10.5 
20.6 
19.3 

10.0 
12.2 
10.8 

10.1 
24.7 
21.6 

15.0 
15.2 

14.5 
22.9 

/I/  Initial  ionic  composition  of  medium:     120  mEq  Na+,   2.4  mEq  K+,    3.4  mEq  Ca**,    1.6  mEq  Mg++;  buffered  by 
18  mM/L  phosphate,   pH  =  7.4;  concentration  of  added  substrates,    11  mM/L.    Additional  amounts  of  potassium  (as 
solid  KCl)  were  added  only  after  first  incubation  period  (30  min).    Values  in  Columns  C,    E  and  G  are  corresponding 
mean  values  for  the  30-min  period  following  addition  of  KCl.     /2/  Estimated  by  Warburg's  direct  method  at  37.5°C. 

Contributor:    Aebi,   H. 

Reference:    Dickens,    F.,   and  Greville,   G.  D.,    Biochem.  J.,   Lond.  29:1468,    1935. 


Part  V:    RAT  CEREBRAL  CORTEX,    VARIOUS  SUBSTRATES 
Medium:    Krebs-Ringer  solution  with  Ca++  reduced  to  4.5  x  10-4  M,   pH 


7.4. 


Qo 

2 

Control 

+0.1   M  KCl 

(A) 

(B) 

(C) 

1 

Glucose 

10.0 

17.5 

2 

L-Glutamate 

6.0 

4.7 

3 

Glucose  +  L-glutamate 

12.0 

12.2 

4 

Glucose  +  citrate 

18.5 

19.4 

5 

a-Ketoglutarate 

4.5 

4.0 

6 

Glucose  +  o-ketoglutarate 

14.2 

15.2 

7 

Succinate 

9.2 

5.9 

8 

Glucose  +  succinate 

17.0 

16.9 

9 

Glucose  +  succinate  +  0.25M  malonate 

10.8 

14.8 

10 

Glucose  +  L-asparate 

10.3 

15.7 

11 

Glucose  +  Du- methionine 

9.3 

20.3 

12 

Glucose  +  L-glutamine 

14.5 

21.1 

/I/  All  substrates  present  in  0.01  M  quantities. 

Contributor:     Fitzgerald,    L.  R. 

Reference:    Lipsett,  M.  N.,  and  Crescitelli,  F.,  Arch.  Biochem.  and  Biophys.  28:329,  1950. 
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153.    EFFECT  OF  POTASSIUM  ION  CONCENTRATION  ON  O^  CONSUMPTION:    ANIMAL  TISSUES  (Concluded) 

Values  for  oxidation  quotient  (*502)  are  expressed  in  cu  mm  oxygen  per  mg  final  dry  weight  of  tissue  per  hour,  unless 
otherwise  indicated.    Media  are  described  in  the  appropriate  footnotes  in  terms  of  quantity  of  ion  per  liter  of  solution. 
Part  VI:    GUINEA  PIG  CEREBRAL  CORTEX,  VARIOUS  RELATIVE 
CONCENTRATIONS  OF  POTASSIUM  AND  SODIUM 


K*  Concentration  in 

QO2 

Suspending  Medium^ 

Isotonic  Medium 

Hypertonic  Medium^ 

Hypertonic  Medium 

raEq/L 

(Na  +  K  =  0.162  M) 

(0.162  M  Na  +  XK) 

(Na  +  K  =  0.303  M) 

(A) 

(B) 

(C) 

(D) 

1 

0 

9.4 

9.7 

2.8 

2 

0.001 

10.1 

3 

0.005 

13.9 

4 

0.010 

14.8 

15.4 

5 

0.020 

18.4 

6 

0.040 

21.1 

21.2 

12.0 

7 

0.080 

15.7 

8 

0.143 

6.5 

15.2 

9 

0.152 

17.1 

10 

0.220 

12.3 

11 

0.285 

6.9 

III  Besides  the  above  indicated  Na-  and  K-ion  concentration,   all  media  contain  0.01  M  phosphate  as  a  buffer, 

0.1%  glucose  as  substrate;  pH  =  7.5.     /2/  X  =  concentration  of  K+  shown  in  Column  A. 

Contributor:    Aebi,   H. 

Reference:    Canzanelli,   A.,    Rogers,   G.,   and  Rapport,   D.,   Am.  J.  Physiol.  n5:309,    1941-42. 


and 


Part  VII:     RAT  AND  RABBIT,    VARIOUS  TISSUES 


Medium: 

Ringer's  solution. 

Tissue 

Qo. 

Reference 

Control 

+2.9  x  10-3  M  KCll 

(A) 

(B) 

(C) 

(D) 

Rat 


1 

2 

! 

5 

6 

Liver 
Kidney 
Spleen 

Cerebral  cortex 
Liver  (embryo) 
Kidney  (embryo) 

9.7 

18.4 

12.9 

3.6 

10.8 

12.6 

5.6 

17.4 

12.2 

1.9 

10.7 

13.4 

Rabbit 

7 

Brain                                   |              7.1                  |                             14.1                          |                  2 

III  Except  for  rabbit  brain  where  KCl  added  was  0.1   M. 
Contributor:    Fitzgerald,   L.  R. 

References:    [  l]    Lasnitsky,   A.,   C.  rend.  Soc.  bid.  143:967, 
and  Dixon,    K.  C,    Biochem.  J.,    Lond.  29:157,    1935. 


1949.     (  2]    Ashford,    C.  A., 


Part  VIII:     FROG  SCIATIC  NERVE 

Medium:    Ringer's  solution  or  isotonic  NaCl  (no 
significant  difference). 


KCl 

QO2  Decrease 

% 

% 

(A) 

(B) 

I 

10 

0 

2 

20 

17 

3 

30 

26 

4 

40 

34 

5 

50 

43 

6 

70 

44 

7 

80 

50 

8 

100 

50 

Contributor:    Fitzgerald,    L.  R. 


Reference:    Chang,    T.  H.,   Schaffer,    M.,   and 
Gerard,    R.  W..   Am.  J.   Physiol.  m^^Sl,    1935. 


Part  IX:    CRAB  LIMB  NERVE 

Values  are  expressed  in  jjil  per  gram  wet  weight  of 
tissue  per  hour.  Species  of  crab  used  were  mainly 
Libinia  emarginata  and  Grapsus  grapsus. 


K+ 

Concentration 

in 

Suspending  Medium' 

QO2 

mM/L 

(A) 

(B) 

1 

0 

90.6 

2 

5 

90.1 

3 

10 

86.5 

4 

15 

131.1 

5 

20 

146.3 

6 

30 

162.0 

7 

40 

144.0 

8 

50 

100.8 

9 

70 

69.7 

10 

100 

47.9 

11 

Sea  water 

115.7 

/I/  Artificial  sea  water. 
Contributor:     Fitzgerald,    L.  R. 
Reference:    Shanes,   A.  M.,   and  Hopkins,   H. 
Neurophysiol.  12:331.    1948. 


S.,   J. 
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154.    SURVIVAL  AND  REVIVAL  UNDER  CONDITIONS  OF  ANOXIA 
OR  ARRESTED  CIRCULATION:    ANIMAL  TISSUES 
Adult  tissue,   in  situ,   at  room  temperature,   normal  body  temperature,   unless  otherwise  indicated, 
duced  by  cessation  of  respiration  or  by  administration  of  nitrogen  to  animal  or  to  isolated  tissue;  C 
arrested  by  obstructing  or  bypassing  total  afferent  blood  supply  to  organ. 


N  =  anoxia  pro- 
=  circulation 


Survival  Time' 

Revival  Time'' 

Tissue 

Animal 

References 

min 

Condition 

min 

Condition 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 

Brain,   cerebral  cortex 

Cat 

1/6-1/4 

C 

<3 

C 

C,D.1,2;E,F,3 

2 

Cat 

>5-10 

C 

4 

3 

Dog 

1-8 

C 

5,6 

4 

Dog3 

12-20 

C 

5.6 

5 

Rabbit 

1/3-2 

N 

7 

6 

Brain  stem 

Rat 

1-1   1/2 

N 

8 

7 

Telencephalon  and  mesencephalon 

Rabbit 

1/3-4 

N 

7 

8 

Pupillary  centers 

Dog 

3-4 

C4 

9 

9 

Medulla 

Rabbit 

1/2-8 

N 

7 

10 

Cardioregulatory,   vasomotor, 
and  adrenosecretory  centers 

Dog 

4-5 

C4 

15-30 

C4 

9 

11 

Dog 

5-10 

C 

10 

12 

Respiratory  center 

Dog,   rat 

4-5 

C4 

15-30 

c 

9 

13 

Dog,   rat 

1/3-1/2 

C 

6,11 

14 

Rat  3 

20-40 

C5 

U 

15 

Spinal  cord 

Cat 

2/3-1 

C 

35-45 

C 

C.D,12;E,F,13 

16 

Cat 

90-120 

c 

14 

17 

Rabbit 

2/3-2 

C 

15 

18 

Autonomic  synapses 

Cat 

30-40 

N,  C*" 

120-360+ 

n7 

16 

19 

Peripheral  nerve 

Cat,   dog.    rabbit 

15-45 

N8 

17.18 

20 

Frog 

70-360 

N8 

18 

21 

Lobster 

40-120 

nS 

18 

22 

Heart 

Dog,   rabbit, 

rat 

5-20 

C 

19 

23 

Dog,   rabbit. 

rat 

4-6 

N 

8-U 

N 

20 

24 

Dog,   rabbit. 

rat  3 

47  -  1 1 1 

N 

21 

25 

Lung 

Dog 

30-45 

C9 

22 

26 

Kidney 

Dog 

30-60 

C9 

23.24 

27 

Dog 

>120 

C9 

25,26 

28 

Rabbit 

60-90 

C9 

27 

29 

Rat 

<120 

C9 

26,28 

30 

Liver 

Dog 

20-75 

C9 

29-32 

31 

Dog 

>60l0 

C9 

31 

32 

Skeletal  muscle 

Dog.   rabbit. 

rat 

120-360 

C 

480 

C 

33.34 

33 

Smooth  muscle,   jejunum 

Rabbit 

1-15 

n8 

>180 

N 

35 

34 

Small  intestine 

Dog 

120-240+ 

cii 

36 

35 

Testis 

Rat  12 

10-30 

c 

37 

/I/  Period  of  anoxia  or  circulatory  arrest  during  which  function  persists.    /2/  Period  of  anoxia  or  circulatory  arrest 
compatible  with  complete  recovery  of  function,  i.e.,  before  irreversible  changes  occur.    '3/  Newborn.    /4/  Isolated, 
perfused  head.    / 5/ Decapitated,    /fa/ Intact  and  isolated  ganglia.    /7/ 25%  recovery  at  6  hr.    / 8/  Isolated,   in  vitro. 
/9/  Criterion;  death  of  animal.    / 10/  Value  for  liver  at  240-27°C.    /1 1/  Criteria:  electrical  reaction  and  death  of 
animal.    /1 2/  Histological  study  of  spermatogenesis. 

Contributors:    (a)  Sonnenschein,  R.  R.,  Lewis,  R.,  and  Darling.  L..  (b)  Van  Harreveld,  A.,  (c)  Wesolowski,  S.  A. 
References:   [  l]    Sugar,   O.,   and  Gerard,   R.  W.,   J.  Neurophysiol.  1^:558.    1938.    [2]    Van  Harreveld,   A.,   ibid  5:361, 

1947.  [3]    Ganshirt,   H..   and  Zylka,    W.,   Arch.  Psychiat..    Berl.  |89:23.    1952.    [4]    Ten  Cate,   J.,   and  Horsten, 
G.  P.,   Arch,  internat.  physiol..    Li^ge  62:6,    1954.    [5]    Kabat,   H.,   and  Dennis,    C,   Proc.  Soc.  Exp.  Biol.  42:534, 
1939.    [6]    Kabat,   H.,   Am.  J.  Physiol.  130:588,    1940.    [7]    Albaum,   H.  G..   et  al,    ibid  LM: 408,    1953.   [8]   Soulairac, 
A.,   C.  rend.  Acad.  sc.  234:2565,    1952.    [9]    Heymans,    C,   et  al.   Arch.  Neur.  Psychiat.,    Chic.  38:304,    1937. 

[  10]     Malmejac,   J.,   and  Plane,    P..   Afrique  fr.  chir.  ]^:435,    1954.    [  11]    SeUe.    W.  A.,   and  Witten.   T.  A.,    Proc. 
Soc.  Exp.  Biol.  47:495,    1941.    [12]    Van  Harreveld,   A.,    Am.  J.  Physiol.  1_«:97,    1944.    [13]    Van  Harreveld,   A., 
and  Marmont,   G. ,   J.  Neurophysiol.  2:101,    1939.    [14]    Van  Harreveld,   A.,   and  Tyler,   D.  B.,   Am.  J.  Physiol. 
U2:32,    1944.    [l5]    Blasius,   W.,   Zschr.  Biol.  104:121,    1951.    [16]    Bronk,    D.  W.,   et  al.   J.  Cellul.  Physiol.  31^:193, 

1948.  [17]    Lehmann,   J.  E..   Am.  J.  PhysioL  n9:ll,    1937.    [18]    Wright.   E.  B.,   ibid  M7: 7 8,    1946. 

[  19]    Wesolowski,    S.  A.,   et  al,   in  "Surgical  Forum,"  p  270,   Philadelphia:  W.  B.  Saunders  Co.,    1952.'  [20]    Binet. 
L.,   and  Strumza,    M.,    C.  rend.  Acad.  sc.  226:1491,    1948.    [21]    Selle,    W.  A.,    Proc.  Soc.  Exp.   Biol.  48:417,    1941. 
[22]    Blades,    B..   Arch.  Surg.  69:525,    1954.    [23]    Guthrie,   C.  C,   Arch.  Int.  M.  5:232,    1910.    [24]    McEnery,    E.  J., 
et  al,   J.  Laborat.  Clin.  M.  12:349.    1926.    [25]    Friedman,    S.  M.,    et  al.    Circulation  Res.  2:231 ,    1954.    [26]   Scheibe. 
J.  R.,   et  al,    Surgery  25:7  24,    1949.    [27]    Badenoch,   A.  W.,   and  Darmedy,    E.  M..   J.  Path.  Bact.,   Lond.  59:79.  1947. 
[28]    Latorre,  G..  J.  Urol.,  Bait.  72:639,  1954.    [29]   Raffucci,  F.  L.,  Surgery  33: 342,  1953.    [30]   Drapanas,   T..  et  al, 
Ann.  Surg.   U2:831,   1955.    [31]    Bernhard,  W.   F.,  et  al,  N.  England  J.  M.  253:159,  1955.    [32]    Hines,  J.  R..  and 
Roncoroni,  M. .  Surg.  Gyn.  Obst.  ]£2:689,  1956.    [33]    Harmon,  J.  W.,  Am.  J.  Path.  23:551,   1947.    [34]    Harmon.  J.  W., 
and  Gwinn,  R.  P.,  ibid  25:741,   1949.    [35]    Furchgott,  R.  F. .  and  Shorr,  W.,  Am.  J.  Physiol.   162:88,  1950.    [36]  Enquist, 
I.  F.,  andKremen,  A.  J.  in  "Surgical  Forum,"  p87,  Philadelphia.  W.B.Saunders  Co..  1952.  Tl7]  Oettle,  A.C.   and 
Harrison,    R.  G.,    J.  Path.  Bact.,  Lond.  64:273,    1952. 
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155.     CEREBRAL  BLOOD  FLOW,    O2  CONSUMPTION,    AND  VASCULAR  RESISTANCE:    MAN,    CAT.    MONKEY 

Values  determined  in  vivo  for  unanesthetized  animal,   unless  otherwise  indicated.    Values  in  parentheses  are  ranges 
and,   unless  otherwise  specified,   conform  to  estimate  "c"  of  the  95%  range  (cf  Introduction).    Note  that  100  x  Column 
E  -i-  Column  C  =  brain  arterio- venous  O^  difference,   the  quantity  of  O^  removed  by  the  brain  from  each  100  ml  of 
blood  flowing  through  it. 


Species 

Condition 

Blood  Flow 
mI/100  g/min 

O2  Consumption 
ml/100  g/min 

Vascular 

Resistance 

mm  Hg/ml/100  g/min 

Reference 

(A) 

(B) 

(C) 

(D). 

(E) 

(F) 

1 

Man* 

Alerfi.  3 

54 
(40-79) 

3.3 
(2.6-4.2) 

1.6 
(0.8-2.4) 

3,4 

2 

Inhalation  5-7%  C02^ 

93 
(65-141) 

3.3 

(2.4-3.9) 

1.1 
(0.7-1.4) 

5 

3 

Inhalation  85-100%  02^ 

45 
(34-55) 

3.2 
(2.6-4.4) 

2.2 
(1.8-2.7) 

5 

4 

Inhalation  10%  02^ 

73 
(54-93) 

3.2 

(2.6-3.5) 

1.1 
(0.8-1.6) 

5 

S 

Cerebral  arteriosclerosis 

41 
(31-56) 

2.8 
(1.7-3.6) 

3.0 
(1.9-3.5) 

6 

6 

Thiopental  anesthesia 

60 
(33-82) 

2.1 
(1.2-3.5) 

1.3 
(0.6-2.1) 

7 

7 

Cat 

Isolated  perfused  brain* 

5.0 
(3.9-6.I)b 

8 

8 

Monkey,  rhesus 

Barbiturate  anesthesia*'  * 

48 
(21-75)6, b 

3.8 
(2.4-5.2)b 

9 

/I/  Nitrous  oxide  method.      /2/    Normal  young  men.      /3/   Approximately  same  values  and  ranges  (except  for 
narrower  ranges  of  blood  flow)  found  in  persons  with  essential  hypertension  [  l],   and  in  schizophrenics  [  2]. 
/4/   Active  reflexes,   spontaneous  movements.      /5/    Light  anesthesia.      /6/    Measured  by  intercalated  bubble  flow 
meter. 


Contributor:    Kety,    S.  S. 


References:    [  l]     Kety,   S.   S.,   et  al,   J.    Clin.    Invest.    27:511.    1948.      [2]    Kety,   S.    S.,   et  al.   Am.   J.   Psychiat. 
204:765,    1948.      [3)     Kety,   S.   S.,   and   Schmidt,   C.   F.,   J.    Clin.    Invest.    27:476,    1948.      [4]     Sokaloff,    L.,   and 
Mangold,   R.,   unpublished.      [5]     Kety,   S.    S.,   and   Schmidt,   C.   F.,   J.    Clin.    Invest.    27:484,    1948.      [6]     Freyhan, 
F.    A.,   et  al,   J.    Nerv.    Ment.    Dis.    l_nA'i9,    1951.      [7]     Wechsler,    R.    L.,   et  al.   Anesthesiology  ^2:308,    1951. 
[8]     Geiger,   A.,   and   Magnes,   J.,   Am.   J.    Physiol.    M9:517,    1947.      [9]     Schmidt,   C.    F.,   et  al,   ibid   L43:33,    1945. 
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156.    CEREBRAL  RESPIRATION:    DOG 

Dogs  received  basic  dose  of  20  mg/kg  of  morphine  sulfate.    (In  using  this  table,   it  should  be  remembered  that 
morphine  sulfate  has  a  significant  effect  on  blood  respiratory  characteristics  [Rakieten,   N.,   Himwich,    H.  E.,   and 
DuBois,    D.,    J.  Pharm.  Exp.  Ther.^:437,    1934]  ). 

Part  I:    CEREBRAL  VS  BLOOD  GLUCOSE 
Values  in  parentheses  are  ranges,    estimate  "c"  of  the  95%  range  (cf  Introduction). 


Arterial 

Blood  Glucose 

mg/100  cc 

Cerebral  Tissue 

Condition 

Glycogen 
mg/100  g 

Glucose 
mg/100  g 

(A) 

(B) 

(C) 

(D) 

1 

Breathing  air 

210(180-240) 

106(94-123) 

102(88-115) 

2 

Breathing  air  with  6-9%  CO2 

221(133-310) 

117(116-118) 

107(87-128) 

3 

Breathing  O^  with  5.5%  CO2 

315 

106 

149 

4 

Breathing  Nz  with  4.5-10%  O? 

256(109-474) 

97(57-140) 

97(64-137) 

5 

Breathing  N?  with  3.5-6%  O?  and  5-6%  CO7 

236(129-369) 

127(109-144) 

103(74-138) 

6 

Erythroidinized;  hyperventilation  with  air 

212(130-280) 

122(119-127) 

72(51-94) 

7 

Erythroidinized;  hyperventilation  with  O2 

152(107-210) 

122 

56(37-78^ 

Contributors:     (a)  Gurdjian,    E.  S.,   (b)  Smith,    A.  H. 

Reference:    Gurdjian,    E.  S.,    Webster.   J.  E.,   and  Stone,    W.  E.,   Proc.  Ass.  Rev.  Nervous  and  Mental  Dis.  26:184, 
1946. 

Part  II:     CEREBRAL  CONSTITUENTS  VS  BLOOD  GASES 

Values  in  parentheses  are  ranges,    estimate  "c"  of  the  9  5%  range  (cf  Introduction). 


Arterial  Blood 

Condition 

O2 
Tension 
mm  Hg 

CO2 
Tension 
mm  Hg 

Change  in  CO^ 

Tension  1 

mm  Hg 

Lactic 

Acid 

mm/100  cc 

Glucose 
rag/100  cc 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Breathing  air 

59(53-63) 

50(44-58) 

11.1 

210(180-240) 

2 

Breathing  air  with  5.5-9%  CO7 

71(65-76) 

79(70-88) 

19(9-28) 

23.6(17.7-31.9) 

187(119-310) 

3 

Breathing  O7  with  5.5%  CO? 

il50 

73 

17 

10.7 

315 

4 

Breathing  mixtures  low  in  O2; 
acapnia 

17(3-35) 

33(18-47) 

-17(-5  to  -30) 

60.9(30.9-143.0) 

253(109-474) 

5 

Breathing  mixtures  low  in  O2 
with  5-6%  COp 

16(10-23) 

55(42-68) 

0(-16  to +16) 

48.2(19.6-99.0) 

236(129-369) 

6 

Erythroidinized;  hyperventila- 
tion with  air2 

55(41-70) 

24(12-39) 

-27(-9  to  -48) 

37.0(22.2-55.0) 

206(130-280) 

7 

Erythroidinized;  hyperventila- 
tion with  O^^ 

129(87-150+) 

17(16-18) 

-32(-26  to  -38) 

27.3(19.2-31.5) 

152(107-210) 

Cerebral  Tissue^ 

Condition 

Venous  Blood 

O2  Tension 

mm  Hg 

Lactic 

Acid 
mg/100  g 

Glucose 
mg/100  g 

Glycogen 
mg/100  g 

Inorganic 

P 
mg/100  g 

Phospho- 
creatlne  P 
mg/100  g 

(A) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

1 

Breathing  air 

39(32-47) 

12.2(9.1-13.8) 

108(88-115) 

106(94-123) 

8.7 

8.5(8.1-8.8) 

2 

Breathing  air  with  5.5-9%  CO? 

53(50-55) 

7.9(7.5-8.5) 

107(87-128) 

117(116-118) 

8.4(7.6-9.0) 

9.2(8.8-10.0 

3 

Breathing  O?  with  5.5%  CO? 

61 

6.8 

149 

106 

6.1 

9.8 

4 

Breathing  mixtures  low  in  O^; 
acapnia 

8.8(0-17) 

74(22.7-208) 

97(64-137) 

97(57-140) 

12.4(8.1- 
19.9) 

5.4(0.5-9.6) 

5 

Breathing  mixtures  low  in  O2 
with  5-6%  CO? 

9.5(3-17) 

35(16.4-76) 

103(74-138) 

127(109-144) 

10.6(8.9- 
16.1) 

6.7(2.6-8.6) 

6 

Erythroidinized;  hyperventila- 
tion with  air^ 

21(14-40) 

21.7(9.8-37.8) 

72(51-94) 

122(119-127) 

7.9(7.0-9.1) 

9.8(9.0-10.9 

7 

Erythroidinized;  hyperventila- 
tion with  02^ 

15 

35.5(17-66) 

56(37-78) 

122 

8.3 

9.3 

HI  Increase  or  decrease  from  control  level  breathing  air.     /2/  Blood  pressure  decreased  to  a  low  level  after  blood 
specimens  obtained.     HI  Determination  of  adenosine  triphosphate  (acid- labile  and  ribose  monophosphate)  reveals 
normal  values  in  all  classes  of  experiments  except  for  low  oxygen  with  acapnia,    in  which  values  about  25%  lower 
than  normal  were  obtained. 


Contributors:    (a)  Gurdjian,    E.  S.,   (b)  Smith,    A.  H. 

Reference:    Gurdjian,    E.  S.,   Webster.   J.  E.,   and  Stone,    W.  E.,   Am.  J.  Physiol.  256:149,    1949. 


y  ^^S^^'^< 
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156.    CEREBRAL  RESPIRATION:    DOG  (Concluded) 

Dogs  received  basic  dose  of  20  mg/kg  of  morphine  sulfate.    (In  using  this  table,   it  should  be  remennbered  that 
morphine  sulfate  has  a  significant  effect  on  blood  respiratory  characteristics  f  Rakieten,   N.,    Himwich,    H.  E.,   and 
DuBois,   D..   J.  Pharra.  Exp.  Ther.  52:437.    1934]  ). 

Part  III:     CEREBRAL  METABOLISM  IN  ANOXIA 


Values  in  parentheses  are  ranges,   estimate  ' 

c"  of  the  957 

range  (cf  Introduction). 

02-N2 

Time 
min 

Femoral  Artery  Blood 

Sagittal  Sinus  Blood 

O2 

Capacity 
voI% 

O2 
Saturation 

% 

CO2 

Content 

vol% 

Plasma 

Lactic  Acid 

mg/100  g 

O2 
Saturation 

% 

A-V  Differences 

%07 

O2 
vol% 

CO2 
vol  % 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

1 

4.2 

15 

23.3(22.5-24.2) 

15.1(13.6-16.2) 

23.9(16.9-35.4) 

129(76-198) 

5.9 

1.9 

6.7 

2 

20 

19.7 

11.2 

12.8 

152 

4.3 

1.4 

4.0 

3 

24 

20.5 

13.1 

15.4 

243 

8.3 

1.0 

7.0 

4 

5.0 

15 

18.0 

22.8 

28.5 

76 

13.9 

1.6 

4.1 

5 

5.8 

15 

25.0(23.1-26.6) 

17.6(13.5-19.9) 

41.4(34.9-49.2) 

90(70-106) 

11(8.7-12.2) 

1.6(1.3-2.0) 

0.8(0.3-1.3) 

6 

6.6 

15 

24.6 

22.7 

43.3 

39 

24 

-0.3 

0.3 

7 

15 

21.4(17.8-24.7) 

47.7(38.8-54) 

40(31.8-44.4) 

43(39-46) 

24(22-25.5) 

5(3.9-5.6) 

6(4.2-7.1) 

8 

60 

19.5 

26.1 

27.8 

86.5(66-107) 

9 

8.8 

15 

24.7(24.5-25.0) 

42.8(38.4-47.3) 

42.8(41.3-44.4) 

66 

24.2 

5.7 

5.7 

10 

10.2 

15 

25(23.6-26.4) 

38(34.7-40.2) 

44.6(38.2-51.1) 

42(41-43) 

21.3 

3.2 

10.4 

11 

11.6 

15 

19.6 

61.3 

43.6 

16.9 

42.3 

3.7 

3.8 

12 

60 

22.8 

49.1 

40.1 

34 

26.1 

5.3 

5.7 

13 

13.0 

15 

21.3(20.3-21.9) 

64.4(56.9-70) 

42.4(40.3-45.7) 

38 

31(28.7-33.6) 

7.0(6.0-7.1) 

7.1(6.4-7.8) 

14 

21.0 

5I 

23.4 

85.5 

21.6 

99 

15 

lOl 

21.6(20-23.2) 

79.5(75.5-83.6) 

39.7(37.3-42.1) 

34(27-42) 

48.9(43.5-54.3) 

6.6(6.4-6.8) 

4.9(4.5-5.3) 

16 

I3I 

19.7 

92.0 

20.6 

117 

67.6 

4.8 

0.8 

17 

461 

20.5 

93.7 

43.1 

47 

51.7 

8.6 

12.4 

18 

23(20.3-23.2) 

38.6(82.5-94.7) 

41.0(33.4-48.6) 

39.5(30-49) 

55.2(49.8-60.7) 

7.2(6.9-7.6) 

6.6(5.9-7.4) 

19 

24.0(22.4-25.7) 

91.7(86.2-97.2) 

37.8(35.6-40.1) 

73.0 

3.9 

-3.5 

O2-N2 
Mixture 

%o. 

Time 
min 

Cerebral  Cortex  Tissue 

Right            1          Left 

Right            1               Left 

Right             1               Left 

Lactic  Acid 
mg/lOO  g 

Inorganic  P 
mg/100  g 

Phosphocreatine  P 
mg/100  g 

(A) 

(B) 

(J) 

(K) 

(L) 

(M) 

(N) 

(O) 

1 

4.2 

15 

121(93-157) 

124(89-167) 

11.9(10.1-13.9) 

11.8(9.6-15.4) 

4.4(3.0-5.9) 

4.2(2.5-5.5) 

2 

20 

3 

24 

4 

5.0 

15 

70 

76 

8.6 

9.4 

7.5 

7.2 

5 

5.8 

15 

86(72-95) 

80(77-84) 

10.5(9.7-11.4) 

9.8(9.0-10.3) 

6.3(5.5-7.6) 

6.6(5.9-7.3) 

6 

6.6 

15 

55 

51 

9.4 

8.3 

7.5 

7.9 

7 

15 

60(55-64) 

60(53-67) 

7.8(7.0-8.5) 

7.7(7.3-8.1) 

8 

60 

49(48-49) 

47(45-48) 

8.3(7.7-9.0) 

8.1(7.9-8.4) 

7.3(7.3-7.4) 

7.3(7.1-7.6) 

9 

8.8 

15 

34 

31(30-33) 

7.5(7.2-7.8) 

6.8 

9.9(9.2-10.6) 

9.7(9.0-10.3) 

10 

10.2 

15 

37(33-40) 

41(34-47) 

8.1(7.7-8.6) 

8.2(7.7-8.7) 

8.1(7.9-8.3) 

8.1(7.6-8.7) 

11 

11.6 

15 

21 

20 

9.5 

8.9 

8.7 

8.9 

12 

60 

19 

16 

9.1 

7.9 

8.6 

9.0 

13 

13.0 

15 

13(9.1-16.8) 

12(10.2-14.0) 

7.8(7.0-8.6) 

7.4(6.2-8.7) 

9.6(7.4-11.2) 

8.7(7.8-9.7) 

14 

21.0 

5I 

90 

71 

6.1 

5.7 

8.1 

9.8 

15 

lOl 

17(13.5-19.9) 

17(15.8-17.2) 

7.8(7.2-8.4) 

7.7(7.5-8.0) 

11.0(10.9-11.2) 

10.6(10.5-10.8) 

16 

I3I 

90 

66 

7.6 

8.0 

8.0 

8.5 

17 

46l 

19 

26 

7.7 

8.1 

8.8 

8.0 

18 

13(9.5-17.2) 

11(9.5-12.1) 

7.6(6.6-8.7) 

7.1(6.9-7.4) 

8.7(7.8-9.6) 

8.8(8.7-8.9) 

19 

11(10.2-11.6)2 

7.7(7.2-8.2)2 

10.6(10.2-11.0)2 

/I/  After  anoxia.     /2/  Side  not  indicated. 

Contributors:    (a)  Gurdjian,   E.  S.,   (b)  Smith,   A.  H. 

Reference:    Gurdjian,    E.  S.,   Stone.   W.  E..   and  Webster,   J.  E.,   Arch.  Neur.  Psychiat.  ^:472.    1944. 
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157.    RESPIRATION  RATES:     BACTERIA 


Rate  and  degree  of  respiration  of  bacteria  may  be  affected  by  nun:ierous  factors,   such  as  strain  characteristics, 
composition  of  growth  medium,  age  and  number  of  cells  in  an  inoculum,  origin  of  inoculum,  age  of  culture  harvested 
for  study,   nature  of  solution  used  for  washing,   number  of  washings,   and  composition  of  the  respiratory  system. 
Values  are  pil/mg  dry  weight/hour.    Data  are  for  bacterial  suspensions  in  the  presence  of  glucose. 


Species 

Temp 
°C 

Culture  Age 
hr 

Q02 

(il/mg/hr 

Reference 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

Aerobacter  aerogenes 

36,   30 

17,   48 

47,    50 

1,   2 

2 

Azotobacter  chroococcuxn 

22 

36 

2,000-10,000 

3 

3 

Bacillus  cereus  (short) 

30 

18 

42-86 

4 

4 

B.  cereus  (filamentous) 

30 

18 

3-49 

4 

5 

B.  subtilis 

37 

6-8 

170 

5 

6 

B.  subtilis  (spores) 

32 

98-147 

10 

6 

7 

Corynebacterium  sp 

30 

48-96 

67 

7 

8 

Escherichia  coli 

40,    32 

20 

200,    272 

1.    8 

9 

Lactobacillus  brulgaricus 

37,    45 

8 

34,    55 

9 

10 

Leuconostoc  citrovorum 

38 

16 

8 

10 

11 

Micrococcus  auranticus 

35 

30-34 

14 

11 

12 

M.  cinnebareus 

35 

30-34 

32 

11 

13 

M.  flavus 

35 

30-34 

8 

11 

14 

M.  freundenreichii 

35 

30-34 

20 

11 

15 

M.  luteus 

35 

30-34 

15 

11 

16 

Mycobacterium  sp  (Karlinski) 

38 

84 

22 

12 

17 

M.  butyricum 

38 

84 

13 

12 

18 

M.  leprous  kedrowsky 

38 

84 

8 

12 

19 

M.  phlei 

38 

84 

28 

12 

20 

M.  ranae 

38 

84 

32 

12 

21 

M.  smegmatis 

38 

84 

23 

12 

22 

M.  stercoris 

38 

84 

15 

12 

23 

M.  tuberculosis  avian 

37 

84 

1 

13 

24 

M.  tuberculosis  hominis 

38 

252 

4 

12 

25 

Pneumococcus,   type  I 

37 

18 

27 

14 

26 

Pseudomonas  fluorescens 

26 

20 

58 

15 

27 

Streptococcus  faecalis,   B  33  A 

38 

18 

106 

16 

28 

S.  faecalis,    10  CI 

37 

15 

57-80 

17 

29 

S.  faecalis,    Lancefield  D 

37 

12-15 

7 

18 

30 

S.  pyogenes,   C  203  M 

37.5 

4 

57-163 

19 

31 

S.  pyogenes,    C  203  S 

37.5 

4 

99-113 

19 

32 

S.  thermophilus,   C  3 

37.    50 

8 

4,    5 

9 

33 

S.  thermophilus,  MC 

37,    50 

6 

9,   10 

9 

34 

Streptomyces  coelicolor 

72 

35 

20 

Contributor:    Silverman,   M. 

References:    [  l]    Ajl,  S.  J.,   J.  Bact.,    Bait.  59:499,    1950.    [2]    Ajl,   S.  J.,   and  Wong,   T.  O..   ibid  61^:379,    1951. 
[3]    Meyerhof,   O.,   and  Burk,   D.,   Zschr.  phys.  Chem.  A  n9:117,    1928.    [4]    Nickerson,   W.  J.,   and  Sherman, 
F.  G.,   J.  Bact.,   Bait.  64:667,    1952.    [5]    Gary,   N.  D.,  and  Bard,    R.  C.   ibid  64:501,    1952.    [6]    Crook,    P.  G.,   ibid 
63:193,    1952.     [7]     Levine,    S.,   and  Krampitz,    L.  O.,    ibid  64:64  5,    1952.    [8]    Krebs.    H.  A..    Biochem.  J..    Lond. 
31^:2095,    1937.    [9]    Stein,   R.  M.,   and  Frazier,  W.  L.,   J.  Bact.,    Bait.  42:501,    1941.    [10]    Chang,   S.  C,   Silverman, 
M.,   and  Keresztesy.   J.  C,   ibid  62:7  53,    1951.    [11]    Nunheimer,   T.  D.,   and  Fabian,   F.  W.,   ibid  44:215,    1942. 
[12]    Edson.   N.  L.,   and  Hunter,   G.  J.,    Biochem.  J.  37:563,    1943.    [13]    Oginsky,   E.  L.,   Smith,   P.  H.,   and 
Solotorovsky,   M.,   J.  Bact.,   Bait.  59:29,    1950.    [14)    Bernheim,    F.,   and  Bernheim,   M.  L.,   ibid  46:225,    1943. 
[15]    Sebek,   O.K.,   and  Randies,   C.  1..   ibid  63:693,    1952.    [l6]    Seeley,   H.  W.,   and  Vandemark,    P.  J.,   ibid  6]^:  27, 
1951.    [17]    O'Kane,    D.  J.,   ibid  60:449,    1950.    [18]    Gunsalas,   1.  C,   and  Umbreit,   W.  W.,   ibid  49:347,    1945. 
[19]    Sevag,   M.  G.,   and  Shelburne,   M.,   ibid  43:411,    1942.    [20]    Cochrane,   V.  W.,   and  Gibbs,   M.,   ibid  61:305. 
1951. 
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APPENDIX  I.     CONSTANTS  FOR  USE  IN  BODY  SURFACE  AREA  FORMULA:     MAMMALS 
K-values   are  derived  from   surface  area  values   taken  from   extensive   literature   sources,    using  the   formula 
K  =  A(sqcm)W^/3(g).    Weights  are  given  in  grams  for  convenient  use  in  the  formula  and  do  not  imply  significance 
corresponding  to  number  of  digits.    Method  of  determining  surface  area:    C  =  paper  cover,   I  =  surface  integrator, 
M  =  mold,    P  =  perimeter,    S  =  skinning,   T  =  triangulation.    Values  in  parentheses  are  ranges,   estimates  "c"  (body 
weight)  and  "d"  (K-value)   of  the  95%  range  (cf  Introduction). 


Refer- 

Animal 

Subjects,   no. 

Method 

Body  Weight,   g 

K-value  (Constant) 

ence 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

1 

Antelope 

I 

T 

6300 

14.1 

1 

2 

Bat 

3 

S 

21.5(12.7-36.4) 

57.5(54.0-59.8) 

2 

3 

Bat 

2 

S 

8.3(5.0-11.6) 

44.5(44,0-45.0) 

3 

4 

Cat 

2 

T 

1550(1500-1600) 

8.7(8.6-8.9) 

1 

5 

Catl 

2 

S 

100(84-116) 

10.0(9.9-10.0) 

4 

6 

Catl 

S 

708(219-1389) 

10.7(9.5-11.9) 

4 

7 

Cattle,    Hereford-Shorthornl 

15 

s 

375,000(163,000-641,000) 

11.0(9.0-13.8) 

5 

8 

Cattle,   Hereford- Shorthorn 

15 

s 

476,000(208,000-7  62,000) 

9.3(8.1-10.8) 

5 

9 

Cattle,   Hereford- Shorthorn  (thin)l 

10 

s 

241 ,000(89,000-407,000) 

9.9(9.3-10.5) 

6 

10 

Cattle,    Hereford- Shorthorn  (med.)' 

11 

s 

315,000(78,000-493,000) 

9.4(8.8-10.0) 

6 

11 

Cattle,    Hereford- Shorthorn  (fat)l 

s 

695,000(476,000-815,000) 

7.6(7.3-7.9) 

6 

12 

Dog 

s 

1070(130-3650) 

10.1(9.3-11.0) 

4 

13 

Dog 

s 

1080 

11.0 

7 

14 

Dog 

T 

9,500(8,900-10,100) 

9.9(9.85-9.9) 

1 

15 

Dog 

Sand  P 

12,700(3,200-29,800) 

11.6(10.2-12.5) 

8 

16 

Dog 

M 

14,310(3,390-32,640) 

11.2(10.3-12.1) 

9 

17 

Dog 

C 

27.000 

12.3 

10 

18 

Fox 

T 

6200(6100-6300) 

13.0(12.9-13.2) 

1 

19 

Goat 

T 

15.100 

10.5 

1 

20 

Guinea  pig 

s 

157(123-191) 

10.4(10.1-10.8) 

11 

21 

Guinea  pig 

S 

206(123-269) 

9.5(8.4-10.8) 

11 

22 

Guinea  pig 

S 

256(235-269) 

8.6(8.4-8.9) 

11 

23 

Guinea  pig^ 

13 

S 

323(160-810) 

8.9(7.9-9.6) 

12 

24 

Guinea  pig 

S 

373(148-650) 

9.6(9.0-9.9) 

13 

25 

Guinea  pig 

T 

400(380-420) 

7.1 

1 

26 

Hedgehog 

S 

200 

7.5 

7 

27 

Horse 

S 

(47,000-555,000) 

10.5 

14 

28 

Horse 

11 

I 

(70,000-750,000) 

(8.2-10.3) 

15 

29 

Lion 

T 

64.200 

12.3 

1 

30 

Marten,   pine 

T 

1400 

8.8 

1 

31 

Monkey,    rhesus 

M 

2670(800-6600) 

11.8(10.8-13.2) 

16 

32 

Mouse,   white^ 

64 

S 

13 

6.9 

11.  17 

33 

Mouse,   white 

11 

S 

15(6-27) 

7.9 

18 

34 

Mouse,   white 

S 

16(11-20) 

10.5(10.4-10.5) 

13 

35 

Mouse,   white 

12 

s 

16(10-22) 

11.4(9.7-13.3) 

11 

36 

Mouse,   white 

13 

M 

(16-25) 

9.0(8.4-9.4) 

19 

37 

Mouse,   field 

s 

29(26-31) 

6.9(6.5-7.2) 

3 

38 

Opossum 

S 

1200(1000-1300) 

11.3(10.5-11.8) 

20 

39 

Rabbit  3 

s 

32(26-40) 

8.5 

18 

40 

Rabbit  3 

s 

560(70-925) 

9.7 

18 

41 

Rabbit 

T 

1130(1120-1140) 

10.0(9.0-11.0) 

1 

42 

Rat.   white 

s 

42(35-53) 

10.5(10.1-10.8) 

16 

43 

Rat,   white 

s 

80(50-129) 

9.9(9.6-10.4) 

21 

44 

Rat,    white^ 

14 

M 

95(22-164) 

7.6(7.3-8.8) 

22 

45 

Rat,   white 

56 

M 

125(24-366) 

7.5(6.6-8.3) 

22 

46 

Rat,   white 

14 

s 

133(70-310) 

11.6(10.9-12.1) 

16 

47 

Rat,   white 

T 

170(164-177) 

7.15 

1 

48 

Rat,   white 

62 

s 

176(25-461) 

11.4(9.6-13.0) 

23 

49 

Rat,   white 

72 

M 

(19-418) 

9.0 

24 

50 

Rat,   white 

22 

S 

197(65-335) 

10.5(9.0-12.7) 

25 

51 

Sheep 

s 

(21.800-29.100) 

10.7 

26 

52 

Sheep 

115 

I 

(2,200-68.000) 

8.3 

27 

53 

Sheep 

14 

s 

(23,600-37.700) 

8.5 

28 

54 

Sheep 

15 

s 

(3,780-50,400) 

9.1 

26 

55 

Shrew,    long- tailed 

s 

3.5 

8.0 

3 

56 

Shrew,   short-tailed 

s 

20 

7.0 

3 

57 

Swine 

T 

40,110 

15.3 

1 

58 

Swine 

16 

I 

(25,000-330.000) 

9.0 

15 

59 

Swine 

s 

48.300(1.100-123.000) 

9.9(8.6-12.4) 

5 

60 

Whale,   fin 

p 

160,000(115,000-220,000) 

8.3(7.5-8.9) 

29 

61 

Whale,   fin 

p 

43,000,000 

11.1 

29 

62 

Woodchuck 

M 

1236 

9.3 

16 

/I/  "Empty"  weight.     /2/  Starved  animals. 
Contributors:    Morrison,   P.  R..   and  Meyer, 


III  With 
M.  P. 


surface  area  of  one  side  of  ear  only. 
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APPENDIX  I:    CONSTANTS  FOR  USE  IN  BODY  SURFACE  AREA  FORMULA:    MAMMALS  (Concluded) 

References:    [  1)   Custor,  J..  Arch.  Anat.  Physiol.,  Lpz.  ?:503,  1873.    [2]  De  Almeida.  A.  C,  Fialko,  B.  de  A.,  and 
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APPENDIX  II.     BODY  SURFACE  AREA:     INFANTS  AND  YOUNG  CHILDREN 
Nomogram  is  based  on  formula  appearing  in  DuBois,    D..   and  DuBois,    E.  F.,    Proc.  Soc.  Exp.  Biol.  j^:77.    1916. 
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Reference:  Talbot,  N.  B.,  Sobel,  E.  H.,  McArthur,  J.  W..  and  Crawford.  J.  D..  "Functional  Endocrinology  from 
Birth  through  Adolescence,"  Cambridge,  Mass.:  The  Commonwealth  Fund,  Harvard  University  Press,  1952  (as 
quoted  in  "Fluid  and  Electrolytes,"  Abbott  Laboratories,   North  Chicago,   III.). 
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APPENDIX  III.     BODY  SURFACE  AREA:    OLDER  CHILDREN  AND  ADULTS 
Nomogram  is  based  on  formula  appearing  in  DuBois,   D.,  and  DuBois,   E.  F.,    Proc.  Soc.  Exp.  Biol.  13:77.    1916. 


Height 
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8" 
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C-      75 
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3 

00 
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2 
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2 
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2 
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40 

2 
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2 
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^       .65 
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—       .55 


.50 


kg 
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1e— 110 
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90-^ 
80- 
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60  ^_ 
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45 


40 


35 


30 


25 


20 


I —      15 


Reference:    Talbot,   N.  B.,   Sobel.    E.  H.,    McArthur,   J.  W.,   and  Crawford.   J.  D..   "Functional  Endocrinology  from 
Birth  through  Adolescence.  "  Cambridge.    Mass.:    The  Commonwealth  Fund.    Harvard  University  Press.    1952  (as 
quoted  in  "Fluid  and  Electrolytes."  Abbott  Laboratories.    North  Chicago.   111.). 
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APPENDIX  IV.    STANDARD  SYMBOLS  IN  RESPIRATORY  PHYSIOLOGY 


The  following  symbols  conform  to  standards  adopted  by  pulmonary  physiologists,  as  published  in  Federation  Pro- 
ceedings 9:602,  1950.    Use  of  these  symbols  throughout  the  HANDBOOK  OF  RESPIRATION  was  not  feasible  because 
of  mechanical  limitations  in  the  preparation  of  copy. 


Primary  Symbols 
(Large  capital  letters) 


Secondary  Symbols 
(Small  capital  letters) 


V  =  gas  volume 

V  =  gas  volume/unit  time 
P  =  gas  pressure  in  mm  Hg 

F  =  fractional  concentration  in  dry  gas  phase 

f  =  respiratory  frequency,  breaths/unit  time 

R  =  respiratory  exchange  ratio,  VCO2/VO2 


I  -  inspired  gas 

E  =  expired  gas 

A  =  alveolar  gas 

T  =  tidal  gas 

D  =  dead  space  gas 

B  =  barometric 

STPD       =    standard  temperature  and  pressure,  dry 
(0°C,  760  mm  Hg) 

BTPS        =    body  temperature  and  pressure,  satu- 
rated with  water  vapor 

ATPDj  ambient  temperature  and  pressure,  dry 

ATPS  or  saturated 


Va  (alveolar  ventilation)  is  in  L/min  (BTPs).     VOj  and  Vco^  are  in  ml/min  (stpd).    Dash  (-)  above  any  symbol 
indicates  a  mean  value.    Dot  (")  above  any  symbol  indicates  a  time  derivative. 

The  following  conventions  for  symbols  denote  location  and  molecular  species: 

1.  Localization  in  the  gas  phase  is  represented  by  a  small  capital  letter  immediately  following  the  principal 
variable. 

2.  Molecular  species  is  denoted  by  the  full  chemical  symbol,  printed  in  small  capital  letters  immediately 
following  the  principal  variable. 

3.  When  specification  of  both  location  and  molecular  species  is  required,  the  first  modifying  letter  is  used  for 
localization  and  the  second  for  species.    In  the  latter  case,  the  chemical  symbol  appears  as  a  subscript. 

Contributor:    Swann,  H.  G. 

Reference:    Comroe.  J.  H.,  Jr.,  et  al,  Fed.  Proc.  9:602,  1950. 


APPENDIX  V.    RESPIRATORY  EQUATIONS 
I.    O2  consumption  and  CO2  production: 


(I)   V02    -   Ve 


[Fio2(1-Feco2)-Feo2(1-FIco2)1 


[ll 


,     [FEco,(l-Fio2)-Hic02a-FEoJl 
(2)    VCO2   =  Ve = 

(1-Fio    -F1CO2) 


ll] 
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APPENDIX  V.    RESPIRATORY  EQUATIONS  (Concluded) 


II.    Alveolar  gas  equations: 
'co. 


IfVlrOj    =   0, 


O)   Paoj   =  Fioj(Pb-Pahjo)-Pacoj 


Fir 


(l-FiOj) 
Ra 


(4)   Pao^    =  Pio^- 


•SfiSVojd-Fioj) 
Va 


-FIqjxPacOj- 


IfVlrn  >0, 


(5)  Pao, 


Pio,R+Paco,  Flo    (1  -R)  +  Pico,- Paco, 


Ficoja-R)+R 


III.    Alveolar  ventilation  equations  (Vlj-Q     =  0): 


(6)   Va   =  (Vt  -  VD)f. 
Vcoj 


(7)   Va    =. 


(8)   Va  = 


Fa, 


Ra 


Vo, 


Fa, 


(9)   Va   =  (Pb-  Pahjo)- 


Ra 


PAr 


Vo, 


[11 


[2] 


[2] 


[1] 


[1] 


[1] 


[1] 


In  equations  ('i)-(9),  Va  and  VCO2  are  under  the  same  conditions  and  in  the  same  units.       However, 
the  general  condition  for  VcOj  is  at   STPD  and  for  Va  at   BTPS.     If,  furthermore,  we  express  the 
former  in  ml/min  and  the  latter  in  L/min  and  change  Fa^o,    t°  PAco,.  "«  *<»'«  customary  units 
for  all  parameters  at  any  barometric  pressure.    After  these  changes,  equation  (7)  becomes 

Vco,(ml/min,    STPd)  x    .863 

(10)    Va  (L/min,  BTPS)  =  ,  and  [2] 

PAcOj 

X   .863 

[2] 


(II)   Va    = 


Vo,   X  R   X  .863 


Pa, 


IV.    Respiratory  dead  space  equations: 


Va 


(12)  Va   =  (Vt ). 

f 

Bohr  Equation  using  any  gas  x  (at  BTPS  ): 

(Fe,-Fa.) 


[1] 


Vt. 


[1] 


(13)  Vd.   =- 

(Fi,  -Fa.) 

Contributors:    (a)    Swann,  M.  G.,  (b)  Cassin,  S.  W. 

References:    [ll  Comroe,  J.  H.,  Jr.,  et  al.  Fed.  Proc.  9:602,  1950.    [2]  Rahn,  H.,  and  Fenn,  W.  0.,  "A 
Graphical  Analysis  of  the  Respiratory  Gas  Exchange:    The  O2  -  CO2  Diagram,"  Washington,  D.  C: 
The  American  Physiological  Society,  1955. 
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INDEX 
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INDEX 


Asterisk  (*)  indicates  graph  or  diagram. 


ABBREVIATIONS  in  respiratory  physiology,    390 
ACAPNIA,   effect  on  cerebral  respiration  (dog),   313 
ACCLIMATIZATION  to  altitude  (See  ALTITUDE(S)) 
ACETONE 

effect  on  pulmonary  function  (mammals),    178,    179 

partition  coefficients,    5 
ACETYLENE 

diffusion  coefficients,    11 

partition  coefficients,    5 

solubility  coefficients,   8 
ACID,   definition,   95 

ACID-BASE  BALANCE  OF  BLOOD  (man).    86-92; 
(vertebrates),    93,    94 

arterial  blood,    88,   90,   91,   93,   94.   96*,   97 
ionic  patterns,   96* 

constants,   factors,   formulas,    86-87 

cutaneous  blood.   90-92,   97 

definitions,   95 

physiological  variability,   91,   92 

venous  blood,   89,   90.   92-94 
ACID- BASE  IMBALANCE  OF  BLOOD,   94-98 

classification.   97 

definitions.   95 

ionic  patterns,   96* 

pathways,   98* 
ACIDOSIS 

in  acid-base  imbalance,   98* 

alveolar  CO2  in,   267 

as  defined  in  acid  base,   95 

effect  on  acid-base  variables,   97 

respiratory  dead  space  during.    51 
AGE 

vs  basal  respiratory  functions.   44.   45 

effect  on  acid-base  balance,   91.   92 

vs  lung  volumes.    38,    39 

vs  maximal  breathing  capacity.    130.    132 

and  sitting  height  vs  vital  capacity.    37 

and  standing  height  vs  vital  capacity.    36 

vs  tidal  and  minute  volumes,   43 

vs  vital  capacity,    30 
AIR  (See  also  specific  air) 

density  at  altitude,    2 

inhalation  during  decompression  (dog),    175 

as  respiratory  medium,   3 
AIR  FLOW 

rate,    137,    138 

respiratory  characteristics,    138 
AIR  VELOCITY  INDEX,   prediction  formula  and  normal 

values,   29 
ALKALOSIS 

in  acid-base  imbalance.  98* 

alveolar  COj  in.    267 

as  defined  in  acid  base,   9  5 

effect  on  acid-base  variables,   97 
ALTITUDE(S) 

atmospheric  pressure,   O2  partial  pressure,   and  air 
density  at,    2 

blood  gases  at,    151-156 

diffusion  capacity  of  lungs  at,    52 

effect  on  pulmonary  function,    151-156 
after  acclimatization,    151,    156 
with  exercise,    155,    156 

effect  on  venous  blood  lactate,    60 


ALTITUDE(S)  (concluded) 

erythrocyte  values  at  (vertebrates),    106,    107 

hemoglobin  values  at  (vertebrates),    106.    107 

respiratory  characteristics  of  air  at,    3 

temperature  at  various.   2 
ALVEOLAR- CAPILLARY  DIFFUSION.    53* 
ALVEOLAR  DUCTS  AND  SACS,    13,    14*,    17 
ALVEOLAR  GAS(ES)  (See  also  specific  gases) 

in  acidosis  and  alkalosis,   267 

added  dead  space,   266 

added  resistance,    266 

at  altitude.    151-156 

before  and  after  apnea.   263 

in  basal  respiration.   44,    45 

CO2  (See  CARBON  DIOXIDE) 

composition  and  partial  pressures,    4 

effect   of  combined  anoxia  and  hypercapnia,    158, 
159* 

effect   of  exercise,    155 

equations,    390,    391 

factors  affecting,    263-267 

during  hyperventilation.   263 

N2  (See  NITROGEN) 

O2  (See  OXYGEN) 

physiological  variability.   91.   92 

during  pulmonary  fibrosis,    268 

summary  of  values,    392 
ALVEOLAR  VENTILATION  (See  also  VENTILATION) 

effect  of  drugs  (mammals),    178-199 

equations,    391 

vs  pulmonary  capillary  blood  flow,   392 
ALVEOLI,    RESPIRATORY,    13,    14*.    17 
ANATOMIC  DEAD  SPACE  (See  DEAD  SPACE, 

RESPIRATORY) 
ANATOMY,    BASIC  RESPIRATORY,    12-26 
ANESTHESIA 

A-V  differences  during  (mammals).    58 

cerebral  blood  flow  and  O2  consuniption  during 
(mammals),    312 
ANESTHETICS  (See  also  DRUGS,   effects  of,    178-252) 

as  antagonists  of  drugs  acting  on  the  bronchi 
(vertebrates),    226-230,   252 

respiratory  response  to  (mammals),    200,    201 
ANTHRACOSIS.    270 

ANTICHOLINESTERASES  (See  also  DRUGS,   effects  of, 
178-252) 

as  antagonists  and  potentiators  of  drugs  acting  on  the 
bronchi  (vertebrates).   230 

respiratory  response  to  (mammals).   200 
ANTIHISTAMINES  (See  also  DRUGS,    effects  of,    178-252) 

as  antagonists  of  drugs  acting  on  the  bronchi 
(mammals),   231-238 
ANOXIA  (See  also  ALTITUDE(S)) 

cerebral  metabolism  during  (dog),    314 

effect  on  alveolar  CO2  and  O2  pressures.    158,    159* 

effect  on  pulmonary  function  (dog),    157 

survival  and  revival  times  of  animal  tissues,    311 
AORTIC- BODY  AND  CAROTID- BODY  RESPIRATORY 

REFLEX,    139 
APNEA 

alveolar  air,   before  and  after,   263 

artificial  respiration  for.    141 
ARGON,   partition  coefficients,   5 
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ARM- LIFT  METHOD,   artificial  respiration,    141.    142 
ARTERIAL  BLOOD  (See  ACID  BASE;  BLOOD;  BLOOD 

GAS(ES);  specific  blood  gases) 
ARTERIO-VENOUS  DIFFERENCES 

effect  of  decompression  (dog).    175 

for  gases  (mammals).    56.    58,    314 

for  glucose.    59.   61 

for  lactate,    59.   60 

for  pyruvate.    59 
ARTIFICIAL  RESPIRATION.    141.    142 
ASBESTOSIS.    268.    270 
ASTHMA 

and  pulmonary  compliance.    137 

and  respiratory  dead  space.    51 
ATMOSPHERIC  PRESSURE,  at  altitude.   2 
ATPS.   definition,    1.   2 


BASAL  RESPIRATORY  FUNCTIONS 

vs  age,    44.    45 

prediction  formulas  and  normal  values.   28.   29 
BASE,   definition.   95 

BAUXITE  FUME  PNEUMOCONIOSIS.    270 
BERYLLIOSIS,    chronic,    270 
BERYLLIUM  GRANULOMATOSIS,    268 
BICARBONATE,   in  acid-base  imbalance,   96*.   97 
BILADIENES.    120,    121 
BILADIENONES.    122 
BILANES,    119 
BILATRIENES,    122 
BILENEDIONES,    122 
BILENES.    120 
BILIRUBINOIDS.    118-123 
BLOOD 

acid-base  balance  and  imbalance  (See  ACID  BASE) 

A-V  differences  (See  ARTERIO-VENOUS 
DIFFERENCES) 

CO2  (See  BLOOD  GAS(ES);  CARBON  DIOXIDE) 

erythrocyte  values.   99-107  (See  also 
ERYTHROCYTE(S) 

fetal  (See  OXYGEN  DISSOCIATION) 

glucose,    59,   61 

H2CO3  dissociation 

constants  (mammals),   63 
formula,    86 
lactate,    59,   60 

hemoglobin  values,   99-107   (See  also  HEMOGLOBIN) 

maternal  (See  OXYGEN  DISSOCIATION) 

O2  (See  BLOOD  GAS(ES);   OXYGEN) 

O2  dissociation  (See  OXYGEN  DISSOCIATION) 

pyruvate.    59 

in  relation  to  cerebral  respiration  (dog).    313,    314 

umbilical,    82,   83 
BLOOD  GAS(ES)  (See  also  specific  gases) 

in  acid-base  balance  and  imbalance  (See  ACID  BASE; 
specific  gases) 

at  altitude,    151-156 

comparisons,    57 

composition  of  transported  gases,   4 

during  decompression  (dog),    175,    176 

effect  of  anoxia,    152-157 

effect  of  drugs  (mammals).    178-199 

effect  of  exercise.    155 

at  increased  atmospheric  pressures  (mammals). 
172,    174 

in  newborn  and  adult  man,    57 

in  pulmonary  capillaries,    53* 

during  pulmonary  fibrosis.   268 

pressure  (See  specific  gases) 


BLOOD  GAS(ES)  (concluded) 

in  relation  to  cerebral  respiration  (dog).    313.    314 

saturation  (See  OXYGEN) 

and  temperature  changes  (mammals),   62*.   63*.   72. 
73*.   75* 

in  umbilical  blood,    82,    83 

variables,   factors,   and  constants,    56 
BLOOD  pH,    88-94,   96*,    97,    98* 

in  acid- base  balance  and  imbalance  (See  ACID  BASE) 

breathing  CO2  concentrations.    163.    164 

in  calculating  serum  pK'  (mammals).   63* 

effect  of  anoxia  (dog).    157 

effect  of  hyperventilation,    157 

at  increased  atmospheric  pressures  (mammals), 
172.    173 

O2  dissociation  curves  at  various  levels  of,   7  4* 

values  for  constructing  O2  dissociation  curves 
(invertebrates),  70,  71;  (vertebrates).   66-70 
BLOOD  PRESSURE 

breathing  O2  at  increased  atmospheric  pressures.  174 

during  decompression  (dog).    175-177 

under  various  conditions  (mammals).    54,    55 
BODY  SURFACE  AREA  (See  SURFACE  AREA) 
BODY  TEMPERATURE  (See  TEMPERATURE) 
BODY  WEIGHT  (See  WEIGHT) 
BOHR  EQUATION.    391 
BREATHHOLDING 

effect  on  alveolar  air,    263 

effect  on  respiratory  dead  space,   48,   49 
BREATHING  (See  also  RESPIRATORY  RATE; 
VENTILATION) 

depth  of  (See  TIDAL  VOLUME) 

mechanics  of,    130-139 
BRONCHI.    12.    14*.    17.    18 

drugs  acting  on,   202-252  (See  also  DRUGS,   effects  of, 
178-252) 
BRONCHIOLES,    14*,    17 

BRONCHIOLO- RESPIRATORY  REFLEX,    139 
BRONCHOPULMONARY  SEGMENTS,    15* 
BTPS.    definition,    1 ,    2 

BUFFER  BASE,   in  acid-base  balance  and  imbalance.   86, 
88.   90-92,   95,   96*-98*  (See  also  ACID  BASE) 

definition,   95 

formula,   86 


CAPILLARIES.   PULMONARY.   O2  diffusion,    53* 
CAPILLARY  BLOOD 

composition  of  transported  gases  in,   4 

summary  of  values,    392 
CARBON  DIOXIDE 

composition  and  partial  pressure  in  respiratory 
gases,   4 

consumption  (plants),    316-383  (See  also  RESPIRATION 
RATES) 

depression  of  solubility  by  various  salts,    5 

diffusion  coefficients,    10,    11 

effect  of  breathing  various  concentrations  on  respired 
air,    265 

in  expired  air,   44 

molecule,    respiratory:   characteristics,    3 

permeation  coefficients,    10.    11 

production  equation.    390 

production  at  increased  ambient  pressure,    174 

in  respiratory  media.    3 

solubility  coefficients.   6-9.    56 

survival  time,   breathing  concentrations  of  (mouse), 
165,    166 


396 


CARBON  DIOXIDE  (ALVEOLAR) 
in  acidosis  and  alltalosis,    267 
added  dead  space  values,   266 
in  basal  respiration,   44,   45 

breathing  various  CO2  concentrations,    163,    164 
effect  of  exercise,    155,    263-265 
during  hyperventilation,    263 
pressure,    392 

at  altitude,    151-155 
in  basal  state,    45 

breathing  various  CO2  concentrations,    163,    164 
breathing  O2  concentrations,    170,    174 
effect  of  combined  anoxia  and  hypercapnia,  158,  159* 
physiological  variability,   91,   92 
respiratory  dead  space  for,    49 
threshhold,    163,    164 
CARBON  DIOXIDE  (BLOOD),    56,    57  (See  also  ACID 
BASE) 
absorption  as  function  of  PCO2  (animals),   64,   65 
A-V  differences  (mammals),    56,    58,    314 
equations  for  calculating  absorption,    64,    65 
pressure,    56,   57,    392 
at  altitude,    151,    156 
effect  of  anoxia,    156,    157 
breathing  various  CO2  concentrations  (mammals), 

163,    173 
effect  of  decompression  (dog),    175 
effect  of  drugs  (mammals),    178-199 
effect  of  temperature  changes  (mammals),   62* 
in  fetal  and  maternal  blood,   83,   84 
during  pulmonary  fibrosis,   268 
in  relation  to  cerebral  respiration  (dog),    313 
values  for  constructing  O^  dissociation  curves, 
66-71  (See  also  OXYGEN  DISSOCIATION) 
CARBONIC  ACID 

calculation  of  serum  pK'  (mammals),   63* 
dissociation  constants  (mammals),   63 
dissociation  formula,    86 
CARBON  MONOXIDE 

diffusion  coefficients,    11 

effect  on  pulmonary  function  (dog),    182,    183 
permeation  coefficients,    11 
solubility  coefficients,   6 
CAROTID- BODY  CHEMORECEPTORS,   respiratory 

action  of  drugs  influencing  (mammals),    200 
CEREBRAL  BLOOD  FLOW,    O^  consumption,   and 

vascular  resistance  (mammals).  312 
CEREBRAL  RESPIRATION  (dog),  313,  314 
CHEMORECEPTORS,    CAROTID- BODY:    respiratory 

action  of  drugs  influencing  (mammals),    200 
CHLORIDE  ION,   plasma  constituent  (vertebrates).   93,  94 
CHLOROFORM 

partition  coefficients,    5 
respiratory  action,   200,   204,    250 
CHLOROPLASTS,   pigments  of,    124,    125 
CIRCULATION,    PULMONARY  (mammals),    54,    55 

summary  of  values,    392 
COEFFICIENTS  of  various  gases 
diffusion,   3,    10,    11 
partition,    5 
permeation,    10,    11 
solubility,    6-9.    56 
COMPLIANCE,    392 

lung-thorax  system  (mammals),    135 
pulmonary  (vertebrates),    135-137 
CORONARY  REFLEX,    139 
COR  PULMONALE  (mammals),   54,    55 
CORPUSCLES  (See  ERYTHROCYTE(S)!  RBC) 
CUIRASS  METHOD,   artificial  respiration,    142 


CYCLOPROPANE 

partition  coefficients,    5 

respiratory  action,   201 
CYTOCHROMES 

animals  and  higher  plants,    124,    125 

bacterial.    128.    129 

iron-porphyrin  pigments,    115-117 


DALTON'S  LAW,    4 

DEAD  SPACE.    RESPIRATORY 

added,   effect  on  respired  air.   266 

anatomic  (mammals),    46-48*,   49,   50*,   51 

during  CO2  hyperpnea,    47 

effect  of  breathholding,   48,   49 

effect  of  exercise,   47 

equations,    391 

and  functional  residual  capacity  (dog),   48* 

in  pathological  conditions,    51 

physiologic  (mammals),    28,    46-48*.    49.    50*.  51,  392 

and  tidal  volume  (mammals),   47,   48*,   50*,    51 

for  various  gases,   49 
DECOMPRESSION 

effect  on  blood  gases  (dog),    175 

effect  on  blood  pressure,    respiratory  rate  and  pulse 
rate  (dog),    176* 

effect  on  internal  pressures  (dog),    177 
DEFLATION  RECEPTORS,    PULMONARY:    respiratory 

action  of  drugs  influencing  (mammals),   201 
DENSITY,    AIR,    2,  3 

DIFFUSION,    ALVEOLAR-CAPILLARY,    53* 
DIFFUSION  CAPACITY  of  lungs,    52 
DIFFUSION  COEFFICIENTS  of  gases.    3.    10.    II 
DIPYRROLIC  COMPOUNDS,   characteristics.    123 
DISEASE  (See  also  specific  disease) 

comparative  pathology  of  the  pneumoconioses.   270 

effect  on  cerebral  blood  flow  and  O2  consumption 
(mammals).    312 

effect  on  lung  connpliance.    137 

effect  on  pulmonary  circulation  (mammals),    54.    55 

effect  on  pulmonary  function,   268 

respiratory  dead  space  during,    51 
DISSOCIATION  CONSTANTS,   H2CO3  (mammals).   63 
DISSOCIATION,    Oz  (See  OXYGEN  DISSOCIATION) 
DIVINYL  ETHER 

partition  coefficients,    5 

respiratory  action.   200 
DRUGS 

effects  of,    178-252 

effect  on  A-V  O2  and  CO2  differences  (mammals),   58 

effect  on  cerebral  blood  flow  and  O2  consumption 
(mammals),    312 

effect  on  pulmonary  circulation  (mammals),    54 

effect  on  pulmonary  function  (mammals),    178-199 

influencing  afferent  end-organs,   respiratory  action 
(mammals),   200.    201 
DRUGS  ACTING  ON  THE  BRONCHI  (vertebrates),  202-252 

aerosols,   gases  and  vapors,    250-252 

antagonists  and  potentiators  of,   226-248,   252 

direct  action  of,    202-214,    250,    251 

pA^  values  for  antagonists  of,   249 

sympathomimetic  amines,   215-225,   251 
DYSPNEA,   physiology  of,   274 


EISENMENGER  SYNDROME,   effect  on  pulmonary 
circulation  (mammals),   54,    55 
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EMERSON  METHOD,   artificial  respiration.    141,    142 
EMPHYSEMA  (mammals).    51.    54,   270 
END-CAPILLARY  O^  PRESSURE,    53* 
ENDOPLASMIC  RETICULUM,    pigments  of,    124 
END-ORGANS.    AFFERENT:    respiratory  action  of  drugs 

influencing  (mammals).   200,201 
ENERGY  EXPENDITURE 

basal.   45 

with  exercise,    149 
EPIGLOTTIS,    12,    14* 

EQUATIONS  in  respiratory  physiology.    28.  29.  390.  391 
ERGOT  DERIVATIVES 

as  antagonists  and  potentiators  of  drugs  acting  on  the 
bronchi  (mammals).    239.    240,   249 

respiratory  action.    188,    189 
ERYTHROCYTE(S)  (mammals),    100-102;  (man),   99.  100. 
102,    103,    107;  (vertebrates),    103-106 

from  birth  to  maturity,    102,    103 

CO^  absorption  at  various  pC02,    64 

in  fetus,   newborn  and  adult  female,    100-102 

gases,    56 

H2CO3  dissociation  constants  (mammals),   63 

O^  consumption.    103.    286 

during  pregnancy  and  postpartum.    100-102 

at  sea  level  and  at  altitude.    106.    107 
ESTERS  (See  also  DRUGS,   effects  of.    178-201) 

as  antagonists  of  drugs  acting  on  the  bronchi 
(mammals),   244-246 
ETHYLENE 

partition  coefficients.    5 

solubility  coefficients.   8,   9 
ETHYL  ETHER 

partition  coefficients,    5 

respiratory  action,    200 
EVE  ROCKING  METHOD,    artificial  respiration,  141,   142 
EXERCISE  (See  also  WORK) 

effect  on  A-V  lactate  levels  and  differences.   60 

effect  on  A-V  O^  and  CO2  differences  (mammals),    58 

effect  on  heart  rate,    144-146* 

effect  on  O^  diffusion,    52 

effect  on  pulmonary  circulation  (mammals),    54,    55 

effect  on  pulmonary  compliance,    136 

effect  on  pulmonary  fibrosis,   268 

effect  on  pulmonary  function,    143-146*,    147-150* 
at  altitude,    155,    156 

effect  on  respired  air,   263-265 

respiratory  dead  space  during,   47 

ventilation  during,    prediction  formulas  and  normal 
values,   29 
EXPIRATORY  RESERVE  VOLUME,    27*,    38,    392 

definition,   27 

effect  of  posture,   40 

effect  of  pregnancy,   40 
EXPIRED  AIR,    4,   44,   285  (See  also  ALVEOLAR 
GAS(ES);  RESPIRED  AIR;  specific  gases) 


FETAL  TISSUES,   O^  consumption,    299-307 

FETUS,   erythrocyte  and  hemoglobin  values,    100-102 

FIBROSIS,    PULMONARY.    268 

effect  on  lung  compliance,    137 

incidence  in  the  pneumonconioses,   270 

from  radiation  exposure.    253,  254,  257,  258 

and  respiratory  dead  space,    51 
FUNCTIONAL  RESIDUAL  CAPACITY,    27*,  39,  40,   392 

definition.   27 

and  pulmonary  compliance,    136 

and  respiratory  dead  space  (dog),   48* 


GANGLIONIC  STIMULANTS,   respiratory  response  to 
(mammals).    200  (See  also  DRUGS,   effects  of, 
178-252) 
GAS(ES)  (See  also  ALVEOLAR  GAS(ES);  BLOOD  GAS(ES); 
specific  gases) 
diffusion  coefficients,    10,    11 
inhaled,    effect  of  various  concentrations,    151-177,  250 

(See  also  DRUGS,   effects  of,    178-252) 
partition  coefficients.    5 
permeation  coefficients,    10,    11 
respiratory  equations,    390,    391 
in  respiratory  media.    3 
solubility  coefficients,   6-9 
GAS  VOLUMES,   conversion  factors,    1,    2 
GLUCOSE (BLOOD) 

in  cerebral  respiration  (dog),    313 

effect  of  ingestion  on  A-V  differences,   61 

postabsorptive,   A-V  differences,    59 


HALDANE  EFFECT,   at  various  PCO2  (animals),   65 
2-HALOETHYLAMINES.   as  antagonists  and  potentiators 
of  drugs  acting  on  the  bronchi  (mammals). 
240-242 
HAMMAN-RICH  SYNDROME,    effect  on  pulmonary 

function,   268 
HEART  RATE 

at  altitude.    152-155 

effect  of  decompression  and  recompression  (dog).    176* 

effect  of  exercise,    144-146*,    155 

effect  of  O2  inhalation  at  increased  ambient  pressures, 
174 
HEAT,   effect  on  respired  air,    264 
HEAT  PRODUCTION 

in  basal  respiration,   45 

during  exercise,    147-150 

prediction  forniula  and  normal  values,   28 
HEIGHT 

vs  maximal  breathing  capacity,    130,    132 

and  weight,   in  calculating  body  surface  area,  388*,  389* 
HEIGHT,   SITTING,   and  age  vs  vital  capacity,   37 
HEIGHT,    STANDING 

and  age  vs  vital  capacity,    36,   38 

vs  maximal  breathing  capacity,    130 

vs  vital  capacity,    31,    34*,    35*,    36,    38 
HELIUM 

dead  space  for,   49 

diffusion  coefficients,    11 

partition  coefficients,    5 

permeation  coefficients.    II 

solubility  coefficients,   8,   9 
HEMATIN  ENZYMES,   characteristics,    114-117 
HEMATOCRIT  values,    86,   90,    99-107 
HEMOGLOBIN  (mammals),    100-102;  (man),    88,  89,  91, 
92,  99,  100,  102,  103,  107;  (vertebrates),  93,  94, 
104-106 

in  pregnancy  and  postpartum,    100-102 

saturation  (See  OXYGEN  DISSOCIATION) 

at  sea  level  and  at  altitude,    106,    107 
HEMOGLOBIN  COMPOUNDS,   characteristics,    111-114 
HENDERSON-HASSELBALCH  EQUATION,    86 
HERING-BREUER  REFLEX,    139 

HIP- LIFT  METHOD,   artificial  respiration,    141.    142 
HIP- ROLL  METHOD,   artificial  respiration.    141,    142 
HYDROBILANES,    characteristics,    119 
HYDROBILENES,   characteristics,    120 
HYDROGEN 

diffusion  coefficients,    II 

partition  coefficients,    5 
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HYDROGEN  (concluded) 

permeation  coefficients,    11 

solubility  coefficients,   6,   8,   9 
HYPERCAPNIA 

effect  on  acid-base  variables,   97,   98 

effect  on  respiratory  variables  (mammals),    158,  159*. 
160-166 
HYPERGLYCEMIA,  alimentary:    effect  on  A-V  glucose 

differences,    61 
HYPERPNEA,    CO2;    dead  space  during,    47 
HYPERTENSION,   primary  pulmonary  (mammals), 

54,    55 
HYPERVENTILATION 

alveolar  CO^  during,    263 

and  cerebral  respiration  (mammals),    312,    313 

effect  on  A-V  lactate  levels  and  differences,   60 

effect  on  blood  CO2  carriage,    157 
HYPOCAPNLA,   effect  on  acid-base  variables,   97,   98 
HYPOXIA(S)  (See  also  ANOXIA) 

effect  on  pulmonary  circulation  (mammals),    54 

physiologic  classification,   272,   273 


INFANT(S) 

apneic,   artificial  respiration,    141 

A-V  blood  gas  comparisons,    56,    57 

bronchi,    18 

erythrocyte  and  hemoglobin  values,    100-103 

lung  and  airway  resistance,    137 

lung  weight,    16 

increments  during  first  year,    16* 
and  volume  increments,    17* 

minute  volume,   42,   43 

nomogram  for  calculating  body  surface  area,    388 

pulmonary  compliance,    137 

respiratory  alveoli,    17 

respiratory  rate,   42 

sinuses,    19 

tidal  volume,   42,   43 

trachea,    18,    19 
INSPIRATORY  CAPACITY,    27*,    38.    392 

definition,   27 

effect  of  posture,   40 

effect  of  pregnancy,   40 
INSPIRATORY  RESERVE  VOLUME,    27* 

definition,   27 
INSPIRED  AIR,   4,    285  (See  specific  gases) 
IONIC  PATTERNS,  acid-base  balance  and  imbalance.  96* 
IRON  PORPHYRINS,   characteristics.    110-118 


KRYPTON,   partition  coefficients.    5 


LACTATE  (BLOOD) 

A-V  differences,    59,    60 

effect  of  exercise  and  hyperventilation,   60 
LACTIC  ACID  (BLOOD) 

depression  of  O^  and  CO2  solubility  by,    5 

effect  of  exercise,    144,    145,   264 

in  relation  to  cerebral  respiration.    313,    314 
LARYNX.    12,    14* 
LINE  CHARTS 

blood  O2  dissociation,   72.   73 

temperature  changes  vs  blood  CO2  and  O2  pressures 
(mammals),  62 


LUNG(S),    12-14*,    15*,    20* 
and  airway  resistance,    137 
compliance,    135-137 
development,    12,    13 
diffusion  capacity  of,    52 
lobes,    14*,    20* 

bronchopulmonary  segments,    15* 
weight  relationships.   21 
O2  uptake  and  ventilation,   right  vs  left,   45 
tissues 

CO2  capacity  (dog),    165 
O2  consumption  (vertebrates),   291 
volume,   right  vs  left,   29 

weight  (amphibians),   2b;  (birds),   25;  (mammals),  16*, 
17*,    21-24;  (reptiles),    26 
increments  during  first  year,    16* 
relationships,    20*,   21-26 

and  volume  increments  during  first  year,    17* 
LUNG  CAPACITIES  (See  TOTAL.    VITAL,    INSPIRATORY, 

and  FUNCTIONAL  RESIDUAL  CAPACITIES) 
LUNG-THORAX  SYSTEM,   compliance  of  (mammals),  135 
LUNG  VOLUME(S),  28,  38,  39  (See  also  VITAL 

CAPACITY;  TIDAL,    INSPIRATORY  RESERVE, 
EXPIRATORY  RESERVE,   and  RESIDUAL 
VOLUMES) 
and  barometric  pressure,    1* 
conversions,    1*,   2 
definitions,    1,   2,    27 
effect  of  posture,   40 
effect  of  pregnancy,   40 

intrapulmonary  pressures  at  various,    133,    134 
prediction  formulas,   28 
and  pulmonary  function,    27-54 
and  pulmonary  pressures  (mammals).    133-135 
subdivisions  of.   27* 
summary  of  values.    392 


MANUAL  ROCKING,   artificial  respiration.    14i,    142 
MAXIMAL  BREATHING  CAPACITY,    29.    132,    392 

vs  age,    130,    132 

vs  body  surface  area,    131,    132 

effect  of  pregnancy,   40 

effect  of  pulmonary  fibrosis,   268 

prediction  formula,   29 

vs  standing  height.    130,    132 

vs  weight,    131 ,    132 
MEDIA 

diffusion  coefficients  of  gases  in  various,    3,    10,    11 

effect  of  K+  on  tissue  O2  consumption  in  various, 
309,    310 

permeation  coefficients  of  gases  in  various,    10,    11 

respiratory,   characteristics,    3 

solubility  coefficients  of  gases  in  various,   6-9 
METABOLIC  FACTOR  in  acidosis  or  alkalosis, 

definition,   95 
METABOLISM,    CEREBRAL:    during  anoxia  (dog),    314 
MINUTE  VOLUME  (man),  42-45.  392;  (vertebrates).  41,  42 

at  altitude.    151-156 

in  basal  state.   44 

breathing  CO2  concentrations  (mammals),    160-162 

breathing  N2  concentrations  (mammals),    151,    174 

breathing  O2  concentrations  (mammals).    167-169,    174 

effect  of  added  dead  space,   266 

effect  of  drugs  (mammals),    178-199 

effect  of  exercise,    155,    156,   263-265 

effect  of  heat,    264 

effect  of  posture,   43 


399 


MINUTE  VOLUME  (concluded) 

effect  of  pregnancy,   40 

during  hyperventilation,    157,    263 

in  infants,    42 
MITOCHONDRIA 

cytochrome  system  of,    126*- 127* 

pigments  of,    124 
MOLECULES,    RESPIRATORY:     characteristics. 
MOUTH-TO-MOUTH  METHOD,   artificial 
respiration,    141,    142 


NARES,    12 

NASAL  EPITHELIUM.    12 

NASAL- LACRIMAL  DUCT.    12 

NEON,    partition  coefficients,    5 

NEWBORN  (See  INFANT(S)) 

NITROGEN 

in  alveolar  air,   29 

in  blood,    56 

composition  and  partial  pressure  in  respiratory  air,  4 

diffusion  coefficients,    11 

in  expired  air,    266 

exposure,    effect  on  respiratory  rate,   tidal  and  minute 
volumes,    151 

molecule,    respiratory:    characteristics,    3 

partition  coefficients,    5 

permeation  coefficients,    11 

respiratory  dead  space  for,    49 

in  respiratory  media,    3 

solubility  coefficients,    6,    8,   9,    56 

washout,   pulmonary,    171* 
NITROUS  OXIDE 

diffusion  coefficients,    11 

partition  coefficients,    5 

respiratory  action,    201,    250 

solubility  coefficients,    8,   9 
NOMOGRAMS 

for  calculating  body  surface  area,    388,    389 

for  estimating  tidal  volume  in  tank  respirator 
settings,    140 

serum  pK'  for  given  temperature  and  pH  (mammals), 63 
NOSE,    12,    14* 


OXYGEN 

consumption  (See  OXYGEN  CONSUMPTION) 

depression  of  solubility  by  various  salts.    5 

diffusing  capacity,  lungs,  during  pulmonary  fibrosis.  268 

diffusion  coefficients.    10.    11 

diffusion  of  lungs.    52 

effect  of  breathing  various  concentrations  (mammals). 
167-170 

In  expired  air.   44.    285 

inhalation  during  decompression  (dog).    175.    176* 

molecule,    respiratory:    characteristics.    3 

permeation  coefficients.    10,    11 

in  respiratory  gases.    3.    4,    285 

solubility  coefficients.    6-9.    56 

uptake  (See  OXYGEN  CONSUMPTION) 
OXYGEN (ALVEOLAR) 

at  altitude,    151-155 

before  and  after  apnea.   263 

effect  of  added  dead  space.    266 

effect  of  added  resistance.   266 

effect  of  breathing  various  concentrations.    174 

effect  of  combined  anoxia  and  hypercapnia.    1  58.    1  59* 

effect  of  exercise.    155,   263-265 


OXYGEN  (ALVEOLAR)  (concluded) 
pressure.    44.    392 

in  pulmonary  capillaries.    53* 

during  pulmonary  fibrosis.    268 
respiratory  dead  space  for.   49 
OXYGEN  (BLOOD),    56.    57.    392 
at  altitude.    151-155 

A-V  differences  (mammals),    56,    58,    175,    314 
breathing  CO2  concentrations,    163,    164 
breathing  O2  concentrations,    169.    170 
capacity  during  pregnancy,    82,    83 
dissociation  (See  OXYGEN  DISSOCIATION  (BLOOD)) 
effect  of  decompression  (dog),    175 
pressure,    56,    57,    392 

at  altitude,    156 

vs  blood  O2  saturation  (mammals),  66*,  72,  73*-75*, 
77*-81*,    85* 

breathing  various  O^  concentrations.    169.    170 

in  cerebral  respiration  (dog).    313 

effect  of  exercise,    156 

fetal  and  maternal  blood,    83 

in  pulmonary  capillaries,    53* 

during  pulmonary  fibrosis,    268 

and  temperature  changes  (mammals),  62*,  72,  73*, 
75* 

values  for  constructing  O2  dissociation  curves,    66 
saturation  (See  also  ACID  BASE) 

at  altitude,    151-155 

curves  (mammals),  66*,  74*,  75*.  77*-81*,  85* 

definition,    66,    7  6 

effect  of  anoxia  (mammals),    152-155,  157,  314 

effect  of  decompression  (dog),    175 

effect  of  exercise,    155 

in  fetus  (mammals),    82,    83,    85* 

line  charts,   72,   73 

vs  O2  pressure  (mammals),  66*,  72,  73*-75*, 
77*-81*,  85* 

vs  pH,    74* 

during  pregnancy,    82,    83 

in  pulmonary  fibrosis,    268 

vs  temperature,    72,   73*,   75* 
OXYGEN  CONSUMPTION,    28,    45,    392 
at  altitude,    151-153,    155 

animal  organisms  (helminths,    276,  277);  (inverte- 
brates), 278-280;  (mammals),  283-285;  (protozoa), 
275,  276;  (vertebrates  other  than  mammals), 
281-283 
animal  tissues 

blood-formed  elements,    286,    287 

blood  vessels,    286,    287 

brain  (vertebrates),    294,    295,   312 

effect  of  K+,    308-310 

epithelium,    287,    288 

fetal  tissues  (chick),  300-302;  (frogs),    303,    304; 

(guinea  pig),  300;  (killifish),  307;  (newt),  305;  (rat), 
299,  300;  (salamanders),  305,  306;  (salmon),  307; 
(sheep),  299;  (snake),  302 

gland  tissues,    288,    289 

liver,    290,    291 

lung,    291 

lymph  nodes,    286,   287 

marrow,    iSb,   287 

muscle  tissues,    291,    292 

neoplasms,    293 

nerve  tissues,    294-296 

placental  tissues,    298 

reproductive  tissues,   297,    298 

spleen,    286,   287 

thymus,    286,    287 
effect  of  drugs  (mammals),    178-199 
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OXYGEN  CONSUMPTION  (concluded) 

equation,    390 

erythrocytes,    103,    286 

during  exercise,    143-146*,  147-150*,  155,  263-265 

plants.    315-383  (See  also  RESPIRATION  RATES) 
OXYGEN  DISSOCIATION  (BLOOD),    66-85 

curves  (carnivores),  78;  (cetacean),  81;  (man),  74,  75, 
77;  (rodents),  79;  (ungulates),  80 

curves,   fetal  (mammals),   85 

data  for  constructing  curves  (amphibians),  69;  (birds), 
68;  (fish),  69,  70;  (invertebrates),  70,  71; 
(mammals),  66-68;  (man),  66;  (reptiles),  68,  69 

line  charts,   72,   73 

relationship  of  fetal  and  maternal,    83 
OXYGEN  UPTAKE  (See  also  OXYGEN  CONSUMPTION) 

comparison  of  right  and  left  lung,   45 

effect  of  exercise,    144-146* 


PARASYMPATHOLYTICS  (See  also  DRUGS,  effects  of, 
178-252) 

as  antagonists  of  drugs  acting  on  the  bronchi 
(vertebrates),   226-230 
PARTIAL  PRESSURE  (See  PRESSURE(S);  specific  gases) 
PARTITION  COEFFICIENTS  of  gases,    5 
PATENT  DUCTUS  ARTERIOSUS  (mammals),    54,    55 
pAx  VALUES  FOR  ANTAGONISTS  OF  DRUGS  ACTING 

ON  THE  BRONCHI  (mammals),    249 
PERICARDITIS  (mammals),    54,    55 
PERMEATION  COEFFICIENTS  of  gases,    10,    11 
pH  (See  BLOOD) 

PHOSGENE,   retention  in  respired  air,    267 
PHOSPHORUS,   in  cerebral  respiration  (dog).    313,    314 
PHYSIOLOGIC  DEAD  SPACE  (See  DEAD  SPACE. 

RESPIRATORY) 
PIGMENTS,    RESPIRATORY,    108-129 

cytochrome,   characteristics,    124-129 

pyrrole,   characteristics.    108-123 
PLANTS,    respiration  rates,    315-383 
PLASMA  (See  BLOOD) 
PLEURITIS,    tuberculous,    268 
PNEUMOCONIOSES,    270,    271 
PNEUMONECTOMY 

and  pulmonary  compliance,    137 

and  respiratory  dead  space,    51 
PNEUMOTHORAX,   and  respiratory  dead  space,    51 
PORPHYRINS,    characteristics,    108-118 
POSTPARTUM 

erythrocyte  and  hemoglobin  values,    100-103 

ventilatory  variables,   40 
POSTURE 

effect  on  acid-base  balance,   91,   92 

effect  on  lung  volumes,   40 

effect  on  minute  volume,   43 

effect  on  tidal  volume,   43 

effect  on  ventilation  and  O^  uptake,   45 

effect  on  vital  capacity,    36,    37 
POTASSIUM  ION 

depression  of  O2  and  CO2  solubility  by,    5 

effect  on  tissue  O2  consumption,  308-310 
PREGNANCY 

effect  on  ventilatory  variables,   40 

erythrocyte  and  hemoglobin  values,    100-102 

Oi  capacity  and  saturation  of  umbilical  blood  during, 
82,    83 
PRESSURE(S)  (See  also  BLOOD;  CARBON  DIOXIDE; 
OXYGEN) 

increased  ambient,   effect  on  pulmonary  function 
(mammals),    172-175 

internal,   effect  of  decompression  (dog),    177 


PRESSURE(S)  (concluded) 

intrapleural,    135 

intrapulmonary,   at  various  lung  volumes,    134 

pulmonary,    vs  vital  capacity,    134*,    135* 

reduced  barometric,   effect  on  pulmonary  function, 
151-156 
PRESSURE  CURVE.    RELAXATION.    135* 
PRESSURE- DEPTH  GRADIENT  in  the  sea.   4 
PRESSURE  EQUIVALENTS  in  the  sea,   4 
PRESSURE-VOLUME  CURVES  (cat),    133* 
PRESSURE-VOLUME  DIAGRAM,    chest  and  lungs,    134* 
PRO PRIOCEPTO- RESPIRATORY  REFLEX,    139 
PROTEIN,    plasma  constituent  (vertebrates),   93,   94 
PULMONARY  CAPILLARIES,    O^  diffusion,    53* 
PULMONARY  CIRCULATION  (mammals),    54,    55 

summary  of  values,    392 
PULMONARY  COMPLIANCE  (vertebrates).    135-137 

methods  for  measuring,    136 

vs  vital  capacity.    136 
PULMONARY  DEFLATION  RECEPTORS,   respiratory 

action  of  drugs  influencing  (msimmals).   201 
PULMONARY  FIBROSIS,    268.    269 

incidence  in  the  pneumoconioses.   270 

and  pulmonary  compliance,    137 

from  radiation  exposure,    253,  254,  257,  258 

and  respiratory  dead  space.    51 
PULMONARY  PHYSIOLOGY,   equations  and  formulas. 
28.    29.    390.    391 

summary  of  values.   28.    29,    392 
PULMONARY  STENOSIS  (mammals),    54,    55 
PULMONARY  STRETCH  RECEPTORS,   respiratory 

action  of  drugs  influencing  (mammals),  200,  201 
PULMONARY  VEIN  REFLEX,    139 
PULSE  RATE 

at  altitude.    152-155 

effect  of  decompression  and  recompression  (dog),  176* 

effect  of  exercise,    144-146*.    155 

effect  of  O2  inhalation  at  increased  ambient  pressures, 
174 
PYRROLE  PIGMENTS,   characteristics,    108-123 
PYRUVATE  (BLOOD),   A-V  differences,    59 


RADIATION 

external  ionizing,   effect  on  respiratory  system 
(mammals).    253-259 

interna)  emitters,   effect  on  respiratory  system 
(mammals),   259-262 
RADON 

effect  on  respiratory  system  (mammals),   259-262 

partition  coefficients,    5 
RBC  (mammals),    100-102;  (man),  99,  100,   102,   103,   107; 
(vertebrates),    103-106 

from  birth  to  maturity.    102,    103 

CO2  absorption  at  various  pCO^,    64 

in  fetus,   newborn  and  adult  female,    100-102 

gases,    56 

H2CO3  dissociation  constants  (mammals),   63 

Oo  consumption,    103,    286 

during  pregnancy  and  postpartum,    100-102 

at  sea  level  and  at  altitude,    106-107 
RECEPTORS,    PULMONARY:    respiratory  action  of  drugs 

influencing  (mammals),    200,   201 
RECOMPRESSION 

effect  on  blood  gases  (dog).    175.    176* 

effect  on  blood  pressure,    respiratory  rate,   and  pulse 
rate  (dog).    176* 
REFLEXES.    RESPIRATORY,    139 
RELAXATION  PRESSURE  CURVE,    134*.    135* 
RESIDUAL  VOLUME,    27*,    39 

definition.    27 
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RESIDUAL  VOLUME  (concluded) 
effect  of  posture,   40 
effect  of  pregnancy,   40 
effect  of  pulmonary  fibrosis,   268 
prediction  formula,    28 
summary  of  values,   28,   392 
RESISTANCE,   ADDED:    effect  on  respired  air,   266 
RESISTANCE  OF  LUNGS  AND  AIRWAY,    137 
RESPIRATION,    ARTIFICIAL,    140»-142 
RESPIRATION  RATES  (algae),   316-319;  (bacteria),    315; 
(ferns),    347;  (fungi),  322-345;  (higher  plants), 
348-383;  (horsetails),    347;  (lichens),  320,  321; 
(liverworts),    346;  (mosses),    346 
RESPIRATORS,    MECHANICAL,    140*,    142 
RESPIRATORY  AIR  FLOW,    characteristics,    138 
RESPIRATORY  ALVEOLI,    13,    14*,    17 
RESPIRATORY  DEAD  SPACE  (See  DEAD  SPACE, 

RESPIRATORY) 
RESPIRATORY  EXCHANGE,   characteristics  (verte- 
brates),   285 
RESPIRATORY  FACTOR  in  acidosis  or  alkalosis, 

definition,   95 
RESPIRATORY  FUNCTIONS,    BASAL,    44,    45 

equations  and  prediction  formulas,  28,  29,  390,  391 
summary  of  values,   28,   29,    392 
RESPIRATORY  GASES,   composition  and  partial 

pressure,   4  (See  also  specific  gases) 
RESPIRATORY  MOLECULES,   characteristics^    3 
RESPIRATORY  PHYSIOLOGY,    standard  symbols,    390 
RESPIRATORY  PIGMENTS,    108-129 
RESPIRATORY  QUOTIENT  (plants).  315-383;  (verte- 
brates), 285;  (animal  tissues),  299-301,  303,  304,  307 
at  altitude,    151,    156 
effect  of  exercise,    156 
RESPIRATORY  RATE  (vertebrates),    41,  42.  44,  45 
at  altitude,    151,    156 

breathing  CO2  concentrations  (mammals),    160-162 
breathing  N^,    151 
breathing  O^  concentrations  (mammals),    157,  I67-I69, 

174 
during  decompression  (dog),    175,    176* 
effect  of  anoxia,    156,    157 
effect  of  drugs  (mammals),    178-199 
effect  of  exercise.    144,    145.    156 
effect  of  pregnancy,   40 
infants,   42 
RESPIRATORY  REFLEXES,    139 
RESPIRATORY  SYSTEM,    12-14* 
RESPIRED  AIR,   4,  44,  285  (See  also  ALVEOLAR 
GAS(ES);  specific  gases) 
factors  affecting  composition,    263-267 
acidosis  and  alkalosis,   267 
added  dead  space,   266 
added  resistance,   266 
CO2  inhalation,   265 
exercise,   263-265 
heat,    264 

O2  inhalation,  265.  266 
phosgene  retention.  267 
voluntary  control.    263 


SAGITTAL  SINUS  BLOOD.   A-V  differences  (dog).    314 
SALTS 

depression  of  CO^  and  O^  solubility  by,    5 

in  respiratory  media.   3 
SARCOIDOSIS 

effect  on  pulmonary  function.   268 

and  pulmonary  compliance.    137 

and  respiratory  dead  space,    51 


SCHAFER-EMERSON-IVY  METHOD,   artificial 

respiration,    141 
SCHAFER  METHOD,   artificial  respiration,  141,  142 
SEA 

pressure  equivalents,   4 

pressure-depth  gradient  in  the,   4 
SEA  WATER,   as  respiratory  medium,   3 
SEPTAL  DEFECT,    54,    55 
SERUM  (See  BLOOD) 
SHAVER'S  DISEASE,    270 
SILICOSIS,    268,    270 

SILVESTER  METHOD,    artificial  respiration,    141,    142 
SINUSES,    12,    19 
SODIUM  ION 

depression  of  O^  and  CO2  solubility  by.    5 

plasma  constituent  (vertebrates).   93.   94 
SOLUBILITY  COEFFICIENTS,   gases,   6-9.    56 
SOLUBILITY  OF  RESPIRATORY  MOLECULES.    3 
SPEED,   effect  on  O2  requirement,    148-150* 
STANDARD  WALKING  VENTILATION,    29 
STPD,   definition,    1,    2 
STREETER'S  HORIZONS,    12,    13 
STRETCH  RECEPTORS,    PULMONARY:  respiratory 

action  of  drugs  influencing  (mammals),  200,  201 
SUBCUTANEOUS  TISSUE,    O2  and  CO2  pressures,   44 
SURFACE  AREA,    BODY 

constants  for  use  in  formula  (mammals),    387 

vs  lung  volumes,    38,   39 

vs  maximal  breathing  capacity,    131,    132 

nomograms  for  calculating,   388,    389 

vs  vital  capacity,    33,   39 
SYMBOLS  IN  RESPIRATORY  PHYSIOLOGY,    390 
SYMPATHOMIMETIC  AMINES  (See  also  DRUGS,   effects 
of,    178-252) 

acting  on  the  bronchi  (vertebrates),   215-225.   251 


TEMPERATURE(S) 

acid-base  balance  of  blood  at  various.   92 

blood  O2  dissociation  at  various  (invertebrates), 
70,    71;  (vertebrates),  66-70,  72.  73*.  75* 

and  CO2  and  O2  pressures  in  blood  (mammals),   62* 

coefficients  for  various  blood  factors,  72,  73*.  86 

corrections  for  pH  measurements.    87 

diffusion  coefficients  of  gases  in  water  at  various.  11 

effect  on  respired  air,   264 

and  K+j   effect  on  tissue  O2  consumption,    308 

and  serum  pK'  (mammals),   63* 

solubility  coefficients  of  gases  at  various,   6-9 

at  various  altitudes,   2 
TEMPERATURE  MULTIPLIER,   for  adjusting  oxyhemo- 
globin dissociation  data,   72,   73* 
TENSION  (See  CARBON  DIOXIDE  and  OXYGEN  pressures) 
TETRALOGY  OF  FALLOT,    54,    55 
THORACOPLASTY,   and  respiratory  dead  space,    51 
TIDAL  POSITION,    END-:     effect  of  breathing  CO2 

concentrations  (mammals),    165 
TIDAL  VOLUME,    27*,  392;  (vertebrates),    41-44 

with  artificial  respiration,    140*-142 

breathing  CO2  concentrations  (mamnmals),    160-162 

breathing  N2,    151,    174 

breathing  O2  concentrations  (mammals),    167-169,    174 

definition,    27 

effect  of  drugs  (mammals),    178-199 

effect  of  pregnancy,   40 

infants,   42 

nomogram  for  estimating,    140 

relation  to  dead  space  (mammals),  44,  50*,  51 
TIMED  VITAL  CAPACITY,    28.    392 
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TISSUES 
animal 

effect  of  K+  on  O2  consumption,    308-310 
O2  consumption,    286-310 

survival  and  revival  times  under  conditions  of 
anoxia,    311 
diffusion  coefficients  of  gases  in,    10,    11 
permeation  coefficients  of  gases  in,    10,    11 
solubility  coefficients  of  gases  in,   8,   9 
subcutaneous,   O2  and  CO2  pressures  in,   44 
TISSUE  FLUID,   composition  of  transported  gases  in,  4 
TOTAL  LUNG  CAPACITY,    27*,    39 
definition,   27 
effect  of  posture,   40 
effect  of  pregnancy,   40 
prediction  formulas,   28 
summary  of  values,   28,    392 
TRACHEA,    12,    14*,    17-19 
TRACHEOBRONCHIAL  TREE,    15*,    17 
TRIAZINES,   as  antagonists  of  drugs  acting  on  the 

bronchi  (guinea  pig),    242,    243 
TUBERCULOSIS,    effect  on  pulmonary  function,    268,    270 
TURBINALS,    12-14* 


VAPORS  (See  also  DRUGS,   effects  of,    178-252) 

acting  on  the  bronchi  (mammals),   250 
VENA  CAVO-RESPIRATORY  REFLEX,    139 
VENOUS  BLOOD  (See  ACID  BASE;  BLOOD  GAS(ES); 

specific  gases) 
VENTILATION  (See  also  RESPIRATORY  RATE;  MINUTE 
VOLUME;  TIDAL  VOLUME;  RESPIRED  AIR) 

at  altitude,    151-156 

basal,    44 

breathing  concentrations  of  CO2  (mammals),    160-162 

breathing  N2  (mammals),    151 

breathing  concentrations  of  O2  (mammals),    167-169 

comparison  of  right  and  left  lung,   45 

effect  of  anoxia  (mammals),    152-157 

effect  of  drugs   (mammals),    178-199 

effect  of  various  work  loads,    145 

equations,    391 

vs  exercise,    143-146*,    155,    156 

nomogram  for  estimating  accuracy  of  tanl<  respirator 
settings,    140 

standard  walking,    29 

summary  of  values,   28,    392 

volume  (See  MINUTE  VOLUME) 
VENTILATORY  EQUIVALENT 

effect  of  pregnancy,    40 

effect  of  various  work  loads,    145 

normal  value,    28 
VENTILATORY  RATE,   during  artificial  respiration,  142 
VENTURI  METHOD,   artificial  respiration,    142 
VERATRUM  ALKALOIDS,    respiratory  response  to 
(mammals),    200  (See  also  DRUGS,   effects  of, 
178-252) 
VITAL  CAPACITY,    27»,    39 

vs  age,    30,    38 

vs  body  surface  area,    33,    38 

vs  body  weight,    32,    38 

breathing  CO2  concentrations,    165 

breathing  O2  concentrations,    170 

definition,   27 

effect  of  exercise,    143-146* 

effect  of  posture,    36,    37,   40 

effect  of  pregnancy,   40 

effect  of  pulmonary  fibrosis,   268 


VITAL  CAPACITY  (concluded) 
prediction  formulas,    28 
vs  pulmonary  compliance,    136 
vs  pulmonary  pressure,    134*,    135* 
vs  sitting  height  and  age,    37 
vs  standing  height,   31,    34*,    35* 

and  age,    36 
summary  of  values,   28,    392 

VOMERO-NASAL  ORGAN,    12,    13 


WALKING  DYSPNEA  INDEX,    prediction  formula  and 

normal  value,   29 
WALKING  VENTILATION,    STANDARD,    29 
WATER 

diffusion  coefficients  of  gases  in,    10,    11 

permeation  coefficients  of  gases  in,    10,    11 

in  respiratory  gases,    1*,    2,   4 

as  respiratory  medium,   3 

solubility  coefficients  of  gases  in,   6,   8 
WEIGHT,    BODY 

and  breathing  frequency  in  calculating  tidal  volume,  140* 

and  height,   in  calculating  body  surface  area,    388*.  389* 

vs  lung  weight  (amphibians),  26;  (birds),  25;  (msummals), 
21-24;  (reptiles),  26 

vs  maximal  breathing  capacity,    131,    132 

vs  vital  capacity,    32,    38 
WEIGHT.    LUNG  (amphibians).  26;  (birds),  25;  (mammals), 

16*,    17*,    20*-24;  (reptiles)  26 
WHOLE  BLOOD  (See  ACID  BASE;  BLOOD) 
WORK  (See  also  EXERCISE) 

effect  on  heart  rate,    144-146* 

effect  on  lung  O2  diffusion,    52 

effect  on  pulmonary  function,    144-146*.  147-150 

effect  on  respiratory  dead  space,   47 


XENON,   partition  coefficients,   5 
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